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IMPORTANT NOTICE 



Texas Instruments Incorporated (Tl) reserves the right to make changes to its 
products or to discontinue any semiconductor product or service without notice, 
and advises its customers to obtain the latest version of relevant information to 
verify, before placing orders, that the information being relied on is current. 

Tl warrants performance of its semiconductor products and related software to 
current specifications in accordance with Tl's standard warranty. Testing and 
other quality control techniques are utilized to the extent Tl deems necessary to 
support this warranty. Specific testing of all parameters of each device is not 
necessarily performed, except those mandated by government requirements. 

Please be aware that Tl products are not intended for use in life-support 
appliances, devices, or systems. Use of Tl product in such applications requires 
the written approval of the appropriate Tl officer. Certain applications using 
semiconductor devices may involve potential risks of personal injury, property 
damage, or loss of life. In order to minimize these risks, adequate design and 
operating safeguards should be provided by the customer to minimize inherent 
or procedural hazards. Inclusion of Tl products in such applications is understood 
to be fully at the risk of the customer using Tl devices or systems. 

Tl assumes no liability for applications assistance, customer product design, 
software performance, or infringement of patents or services described herein. 
Nor does Tl warrant or represent that any license, either express or implied, is 
granted under any patent right, copyright, mask work right, or other intellectual 
property right of Tl covering or relating to any combination, machine, or process 
in which such semiconductor products or services might be or are used. 



Copyright © 1993, Texas Instruments Incorporated 
Printed in the U.S.A. 



EPIC, EPIC-IIB, SCOPE, UBE, UBT, Widebus, Shrink Widebus, and 
Widebus+ are trademarks of Texas Instruments Incorporated. 



INTRODUCTION 



As the operating frequencies of microprocessors increase, the period of time allotted for memory 
access, arithmetic computation, or similar operations decreases. With this in mind, a new series 
of advanced bus-interface products, developed with the Texas Instruments submicron Advanced 
BiCMOS (ABT) process technology, assumes a prominent role as the key high-performance logic 
needed in today's workstation, personal and portable computer, and telecom systems. The goal 
of this family of products is to provide to system designers a bus-interface solution combining 
high-drive capability, lower power consumption, signal integrity, and propagation delays fast 
enough to appear transparent with respect to overall system performance. Fine-pitch package 
options simplify layout, reduce required board space, and decrease overall system costs. Novel 
circuit design techniques add value over competitive solutions. 

Texas Instruments presents the 1 993 ABT Advanced BiCMOS Technology Data Book. Included 
in this updated edition is the broadest line of advanced bus products in the industry. As new bus 
architectures and logic standards are being developed, Texas Instruments continues to lead the 
industry in producing advanced logic to support these emerging technologies. Products such as 
enhanced transceiver logic (ETL), Gunning transceiver logic (GTL), low-voltage JTAG, and LVT 
memory drivers have been added to illustrate this technology leadership. Data sheets have also 
been added to other sections to reflect new products under development. All of the devices 
contained in this data book incorporate the Texas Instruments high-performance EPIC-IIB™ 
submicron BiCMOS process. 

The products described in this data book have been designed specifically to help system 
engineers meet the varied and stringent requirements of their end equipments. Products range 
from the simple and popular octal buffer/transceiver to the extremely complex 36-bit universal 
bus transceiver (UBT™). For midscale integration, a whole series of 16-bit Widebus™ products 
exist. Because board costs also affect system costs, it is desirable for chips to be housed in a 
variety of packaging options to save space. Each of the products in the data book are offered in 
a number of different surface-mount and fine-pitch package options such as the shrink 
small-outline package (SSOP) and the thin shrink small-outline package (TSSOP). Circuit design 
techniques built into the silicon such as mixed mode, power on demand, and bus hold offer 
enhanced parametrics and save having to discretely implement these enhancements. 

Most of the products in the data book are available in production quantities. Please contact your 
local authorized distributor or Texas Instruments representative for details on any of these 
devices. Some of the devices in this data book are not yet available in production quantities; 
information on these devices is included as Product Previews. Texas Instruments is also 
evaluating many other devices for market introduction. Some of these are listed along with a 
description of their function in tables at the front of each section. Please contact the Advanced 
System Logic hotline at (214) 997-5202 to learn more about plans for these devices. 

Finally, in addition to specific information on the products, the data book contains other useful 
sections including mechanical data, application notes, and characterization information. 

We hope you agree that Texas Instruments has the most complete line of high-performance 
bus-interface logic in the industry. We hope that these products will meet your system and design 
needs. 



EPIC-IIB, UBT, and Widebus are trademarks of Texas Instruments Incorporated. 



PRODUCT STAGE STATEMENTS 



PRODUCTION DATA information is current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. Production processing 
does not necessarily include testing of all parameters. 

PRODUCT PREVIEW information concerns products in the formative or design phase of 
development. Characteristic data and other specifications are design goals. Texas 
Instruments reserves the right to change or discontinue these products without notice. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase 
of development. Characteristic data and other specifications are subject to change without 
notice. 

The next statements must be used in combination: 

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information 
current as of publication date. Products conform to specifications per the terms of Texas 
Instruments standard warranty. Production processing does not necessarily include testing 
of all parameters. 

If any of the pages contain PRODUCT PREVIEW information, this statement must appear at the 
lower left on those pages: 

PRODUCT PREVIEW information concerns products in the formative or design phase of 
development. Characteristic data and other specifications are design goals. Texas 
Instruments reserves the right to change or discontinue these products without notice. 

If any of the pages contain ADVANCE INFORMATION, this statement must appear at the lower 
left on those pages: 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase 
of development. Characteristic data and other specifications are subject to change without 
notice. 
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GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



INTRODUCTION 

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC 
Council of the Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical 
Commission (I EC) for international use. 

OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS) 

Cj Input capacitance 

The internal capacitance at an input of the device 
C 0 Output capacitance 

The internal capacitance at an output of the device 
C pC ] Power dissipation capacitance 

Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages): 
Pd = Cpd V C c 2 f + ice V C c- 
f max Maximum clock frequency 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence 
while maintaining stable transitions of logic level at the output with input conditions established that 
should cause changes of output logic level in accordance with the specification. 

ICC Supply current 

The current into* the Vqc supply terminal of an integrated circuit 

Alec Supply current change 

The increase in supply current for each input that is at one of the specified TTL voltage levels rather than 
0 V or Vqc 

Icex Output high leakage current 

The maximum leakage current into the collector of the pulldown output transistor when the output is high 
and the output forcing condition Vq = 5.5 V. 

'l(hold) Input hold current 

Input current that holds the input at the previous state when the driving device goes to a high-impedance 
state 

l| H High-level input current 

The current into* an input when a high-level voltage is applied to that input 

l| L Low-level input current 

The current into* an input when a low-level voltage is applied to that input 

l Q ff Input/output power-off leakage current 

The maximum leakage current into/out of the input/output transistors when forcing the input/output to 
4.5 V and V cc = 0 V 

■oh High-level output current 

The current into* an output with input conditions applied that, according to the product specification, will 
establish a high level at the output. 

Iql Low-level output current 

The current into* an output with input conditions applied that, according to the product specification, will 
establish a low level at the output. 

*Current out of a terminal is given as a negative value. 
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GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



Iqz Off-state (high-impedance-state) output current (of a 3-state output) 

The current flowing into* an output having 3-state capability with input conditions established that, 
according to the product specification, will establish the high-impedance state at the output. 

t a Access time 

The time interval between the application of a specified input pulse and the availability of valid signals 
at an output 

*dis Disable time (of a 3-state or open-collector output) 

The propagation time between the specified reference points on the input and output voltage waveforms 
with the output changing from either of the defined active levels (high or low) to a high-impedance (off) 
state. 

NOTE: For 3-state outputs, t^s = tpnz or tpLZ- Open-collector outputs will change only if they are low 
at the time of disabling so t^is = tpLH- 

ten Enable time (of a 3-state or open-collector output) 

The propagation time between the specified reference points on the input and output voltage waveforms 
with the output changing from a high-impedance (off) state to either of the defined active levels (high or 
low). 

NOTE: In the case of memories, this is the access time from an enable input (e.g., OE). For 3-state 
outputs, t en = tpzH ortpzL- Open-collector outputs will change only if they are responding to data 
that would cause the output to go low so, for them t en = tpHi_- 

t h Hold time 

The time interval during which a signal is retained at a specified input terminal after an active transition 
occurs at another specified input terminal. 

NOTES: i . The hoid time is the actual time interval between two signai events and is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is to be expected. 

2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct operation 
of the digital circuit is to be expected. 

t pc j Propagation delay time 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from one defined level (high or low) to the other defined level. (t pc | = tpm. or tpi_n) 

tpHL Propagation delay time, high-to-low level output 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined high level to the defined low level 

tpnz Disable time (of a 3-state output) from high level 

The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined high level to a high-impedance (off) state 

tp|_H Propagation delay time, low-to-high level output 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined low level to the defined high level 

tpLz Disable time (of a 3-state output) from low level 

The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined low level to a high-impedance (off) state 
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tpZH Enable time (of a 3-state output) to high level 

The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from a high-impedance (off) state to the defined high level. 

tpZL Enable time (of a 3-state output) to low level 

The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from a high-impedance (off) state to the defined low level. 

t su Setup time 

The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal. 

NOTES: 1 . The setup time is the actual time interval between two signal events and is determined by 
the system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 
2. The setup time may have a negative value in which case the minimum limit defines the 
longest interval (between the active transition and the application of the other signal) for which 
correct operation of the digital circuit is guaranteed. 

t w Pulse duration (width) 

The time interval between specified reference points on the leading and trailing edges of the pulse 
waveform 

V|h High-level input voltage 

An input voltage within the more positive (less negative) of the two ranges of values used to represent 
the binary variables. 

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which 
operation of the logic element within specification limits is to be expected. 

V|l Low-level input voltage 

An input voltage within the less positive (more negative) of the two ranges of values used to represent 
the binary variables. " 

NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which 
operation of the logic element within specification limits is to be expected. 

Vqh High-level output voltage 

The voltage at an output terminal with input conditions applied that, according to product specification, 
will establish a high level at the output. 

Vql Low-level output voltage 

The voltage at an output ter<minal with input conditions applied that, according to product specification, 
will establish a low level at the output. 

Vj + Positive-going threshold level 

The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage rises from a level below the negative-going threshold voltage, Vj_. 

Vy_ Negative-going threshold level 

The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage falls from a level above the positive-going threshold voltage, Vj + . 
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EXPLANATION OF FUNCTION TABLES 

/ 



The following symbols are used in function tables on Tl data sheets: 



H = high level (steady state) 

L = low level (steady state) 

t = transition from low to high level 

I = transition from high to low level 

— ► = value/level or resulting value/level is routed to indicated destination 

*r~^ = value/level is re-entered 

X = irrelevant (any input, including transitions) 

Z = off (high-impedance) state of a 3-state output 

a . . . h = the level of steady-state inputs A through H respectively 

Qq = level of Q before the indicated steady-state input conditions were established 

Qq = complement of Qq or level of Q before the indicated steady-state input 
conditions were established 

Q n = level of Q before the most recent active transition indicated by i or T 

j-l = one high-level pulse 

i_r = one low-level pulse 

Toggle = each output changes to the complement of its previous level on each active 
transition indicated by i or T 



If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid 
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output 
persists so long as the input configuration is maintained. 

If, in the input columns, a row contains H, L, and/or X together with T and/or I, this means the output is valid whenever 
the input configuration is achieved but the transition's) must occur following the achievement of the steady-state 
levels. If the output is shown as a level (H, L, Qq, or Qq), it persists so long as the steady-state input levels and the 
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown as a pulse, J~i_ or~L_r, the pulse follows 
the indicated input transition and persists for an interval dependent on the circuit.) 
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EXPLANATION OF FUNCTION TABLES 



Among the most complex function tables are those of the shift registers. These embody most of the symbols used 
in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal shift register, e.g., 
typeSN74194. 



FUNCTION TABLE 



INPUTS 


OUTPUTS 


CLEAR 


MODE 


CLOCK 


SERIAL 


PARALLEL 


Qa 


Qb 


Qc 


Qd 


S1 


SO 


LEFT 


RIGHT 


A 


B 


C 


D 


L 


X 


X 


X 


X 


X 


X 


X 


X 


X 


L 


L 


L 


L 


H 


X 


X 


L 


X 


X 


X 


X 


X 


X 


Qao 


Qbo 


Qco 


Qdo 


H 


H 


H 


T 


X 


X 


a 


b 


c 


d 


a 


b 


c 


d 


H 


L 


H 


T 


X 


H 


H 


H 


H 


H 


H 


QAn 


QBn 


QCn 


H 


L 


H 


t 


X 


L 


L 


L 


L 


L 


L 


QAn 


QBn 


QCn 


H 


H 


L 


T 


H 


X 


X 


X 


X 


X 


QBn 


QCn 


QDn 


H 


H 


H 


L 


T 


L 


X 


X 


X 


X 


X 


QBn 


QCn 


QDn 


L 


H 


L 


L 


X 


X 


X 


X 


X 


X 


X 


Qao 


Qbo 


Qco 


Qdo 



The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four outputs 
will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect. 

The second line shows that so long as the clock input remains low (while clear is high), no other input has any effect 
and the outputs maintain the levels they assumed before the steady-state combination of clear high and clock low 
was established. Since on other lines of the table only the rising transition of the clock is shown to be active, the second 
line implicitly shows that no further change in the outputs will occur while the clock remains high or on the high-to-low 
transition of the clock. 

The third line of the table represents synchronous parallel loading of the register and says that if S1 and SO are both 
high then, without regard to the serial input, the data entered at A will be at output Qa, data entered at B will be at 
Qb, and so forth, following a low-to-high clock transition. 

The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial input 
and the shifting of previously entered data one bit; data previously at Qa is now at Qb, the previous levels of Qb and 
Qc are now at Qc and Qp, respectively, and the data previously at Qp is no longer in the register. This entry of serial 
data and shift takes place on the low-to-high transition of the clock when S1 is low and SO is high and the levels at 
inputs A through D have no effect. 

The sixth and seventh lines represent the loading of high- and low-level data, respectively, from the shift-left serial 
input and the shifting of previously entered data one bit; data previously at Qb is now at Qa, the previous levels of 
Qc and Qp are now at Qb and Qc, respectively, and the data previously at Qa is no longer in the register. This entry 
of serial data and shift takes place on the low-to-high transition of the clock when S1 is high and SO is low and the 
levels at inputs A through D have no effect. 

The last line shows that as long as both inputs are low, no other input has any effect and, as in the second line, the 
outputs maintain the levels they assumed before the steady-state combination of clear high and both mode inputs 
low was established. 

The function table functional tests do not reflect all possible combinations or sequential modes. 
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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS 



It is normal Tl practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic symbol 
based on the assumption of true data (D) inputs. Outputs that produce data in phase with the data inputs are called 
Q and those producing complementary data are called Q. An input that causes a Q output to go high or a Q output 
to go low is called preset (PRE). An input that causes a Q output to go high or a Q output to go low is called clear (CLR). 
Bars are used over these pin names (PRE and CLR) if they are active low. 

The devices on several data sheets are second-source designs, and the pin name conventions used by the original 
manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the inverting 
circuits D and Q. 

In some applications, it may be advantageous to redesignate the data input from D to D or vice versa. In that case, 
all the other inputs and outputs should be renamed as shown below. Also shown are corresponding changes in the 
graphical symbols. Arbitrary pin numbers are shown. 



PRE 
C 
D 

CLR 



PRE 
CLK 
D 

CLR 



1 


is 


S 


5 


2 


C1 
1D 






3 




6 


4 




s 


IS 


R 


















LATCH 






1 


is 


S 




5 


2 




> C1 
ID 






3 




6 


4 




s 


rs 


R 













CLR 
C 
D 

PRE 



CLR 
CLK 
D 
PRE 



1 IS 


R 
C1 
1D 
S 


5 


2 


6 


3 IS 


4 rs 


5 






LATCH 


1 IS 


R 

> C1 
1D 
S 


2 


6 


3 is 


4 IS 







FLIP-FLOP 



FLIP-FLOP 



The figures show that w he n Q an d Q exchange names, the preset and clear pins also exchange names. The polarity 
indicators (is, ) on PRE and_CLR remain, as these inputs are still active low, but the presence or absence of the polarity 
indicator changes at D (or D), Q, and Q. Pin 5 (Q or Q) is still in phase with the data input (D or D); their active levels 
change together. 
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THERMAL INFORMATION 



In digital system design, consideration must be given to thermal management of components. The small size of the 
small-outline package makes this even more critical. Figure 1 shows the thermal resistance of these packages for 
various rates of air flow. 

The thermal resistances in Figure 1 can be used to approximate typical and maximum virtual junction temperatures 
for the ABT family. In general, the junction temperature for any device can be calculated using using the following 
equation. 

Tj = RejA x Pt + T A 

where: 

Tj = virtual junction temperature 

R 8JA = thermal resistance, junction to free air 

P t = total power dissipation of the device (see Section 15, package thermal considerations) 

T/v = free-air temperature 

JUNCTION-TO-AMBIENT THERMAL RESISTANCE 



vs 




Air Velocity -Feet/Min 



Figure 1 
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THERMAL INFORMATION 
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FUNCTIONAL INDEX 



The following tables outline the logic functions Texas Instruments offers in a variety of technologies. The tables are 
organized by function type and list all available or planned options of that function. The technology columns identify 
the appropriate family and a particular data book where more information can be found. The applicable literature 
number, composed of either seven or eight alphanumeric characters, can be found at the lower right-hand corner on 



the back cover of each publication. 

List of additional Advanced System Logic data books: 

AC and ACT Devices Advanced CMOS Logic Data Book SCAD001 C 

ALS and AS Devicest ALS/AS Logic Data Book SDAD001 B 

BCT Devicest BiCMOS Bus-Interface Logic Data Book SCBD001 B 

F Devicest F Logic (SN54/74F) Data Book SDFD001A 

FIFO Devicest High-Performance FIFO Memories Data Book SCAD003 

HC and HCT Devices High-Speed CMOS Logic Data Book SCLD001 C 

LV, LVC, LVT, and ALVC Devicest Low-Voltage Logic Data Book SCBD003 
SCOPE™ Devices SCOPE™ Product Information SSYV001 

Std TTL, LS, and S Devices TTL Logic Data Book SDLD001 A 

t Updated data book planned for this technology. 

Contents 

Page 

GATES 1-15 

Positive-NAND Gates 1-15 

Positive-AND Gates 1-15 

Positive-OR/NOR Gates 1-16 

OR/NOR Gates 1-16 

AND-OR Gates 1-16 

INVERTING/NONINVERTING BUFFERS 1-17 

Hex Inverters/Noninverters 1-17 

BUFFERS/DRIVERS AND BUS TRANSCEIVERS 1-18 

Buffers/ Drivers 1-18 

Universal Bus Transceivers (UBT™)/Universal Bus Exchangers (UBE™) . . 1-19 

Bus Transceivers 1-20 

MOS Memory Drivers/Transceivers 1-23 

TESTABILITY BUS-INTERFACE CIRCUITS 1-24 

JTAG/IEEE 1149.1 Testability Circuits 1-24 

FLIP-FLOPS AND LATCHES 1-25 

Flip-Flops 1-25 

Latches 1-27 
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FUNCTIONAL INDEX 



Contents (continued) 

Page 

REGISTERS ...1-29 

Shift Registers . 1-29 

Register Files * 1-29 

COUNTERS 1-30 

Synchronous Counters - Positive Edge Triggered 1-30 

Asynchronous Counters (Ripple Clock) - Negative Edge Triggered 1-30 

8-Bit Binary Counters With Registers . . 1-30 

DECODERS, ENCODERS, DATA SELECTORS/MULTIPLEXERS 1-31 

Encoders/Data Selectors/Multiplexers . . . 1-31 

Decoders/ Demultiplexers 1-32 

Shifters 1-32 

COMPARATORS AND PARITY GENERATORS/CHECKERS 1-33 

Comparators 1-33 

Address Comparators 1-33 

Parity Generators/Checkers . . 1-33 

BUS SWITCHES AND 5-V/3-V VOLTAGE TRANSLATORS .1-34 

Crossbar Technology (CBT) 1-34 

ARITHMETIC CIRCUITS 1-34 

Parallel Binary Adders 1-34 

Accumulators, Arithmetic Logic Units, Look-Ahead Carry Generators 1-34 

FIFO MEMORIES 1-35 

First-ln, First-Out Memories (FIFOs) 1-35 

CLOCK DISTRIBUTION CIRCUITS 1-37 

Clock Distribution Circuits (CDC) 1-37 

ECL TRANSLATORS 1-37 

ECL-to-TTL or TTL-to-ECL Translators 1-37 
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FUNCTIONAL INDEX 



GATES 



Positive-NAND Gates 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LV 


LVC 


8-lnput 




'30 


✓ 


✓ 


✓ 




















'11030 












✓ 


✓ 










13-lnput 




'133 


✓ 






✓ 
















Dual 2-lnput 




'8003 


✓ 






















Dual 4-lnput 




'20 


✓ 


✓ 


✓ 


✓ 


















'40 


✓ 
























'11020 












✓ 


✓ 










Triple 3-lnput 




'10 


✓ 


✓ 


✓ 


✓ 














+ 




'1010 


✓ 
























'11010 












✓ 


✓ 










Quad 2-lnput 




'00 


✓ 


✓ 


✓ 


✓ 


✓ 










✓ 


+ 




'11000 












✓ 


✓ 












'37 


✓ 






















oc 


'38 


✓ 




✓ 




















'132 








✓ 


















'11132 












✓ 


✓ 












'1000 




✓ 




















Hex 2-lnput 




'804 


✓ 


✓ 




















Quad 2-lnput 


oc 


'01 


✓ 






✓ 
















'03 


✓ 






✓ 

















Positive-AND Gates 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LV 


LVC 


Quad 2-lnput 


OC 


'09 


✓ 






✓ 


















'7001 








✓ 
















Dual 4-lnput 




'21 


✓ 


✓ 


✓ 


✓ 


















'11021 












✓ 


✓ 










Triple 3-lnput 




'11 


✓ 


✓ 


✓ 


✓ 


















'11011 












✓ 


✓ 










Quad 2-lnput 




'08 


✓ 


✓ 


✓ 


✓ 


✓ 










✓ 


+ 




'1008 




✓ 






















'11008 












✓ 


✓ 










Hex 2-lnput 




'808 




✓ 





















✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



GATES (continued) 



Positive-OR/NOR Gates 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


p 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LV 


LVC ■ 


Triple 3-lnput 




'4075 
























Quad 2-lnput 




'32 


























'1032 


























'11032 


























'7032 








✓ 
















Hex2-lnput 




'832 


✓ 


✓ 




✓ 
















Dual 5-lnput 




'260 






✓ 


















Triple 3-lnput 




'27 


✓ 


✓ 


✓ 


✓ 


















'11027 












✓ 


✓ 










Quad 2-lnput 




'02 


✓ 


✓ 


✓ 


✓ 


✓ 










✓ 


+ 


oc 


-'33 


✓ 
























'7002 








✓ 


















'11002 












✓ 


✓ 










Hex 2-lnput 




'805 


✓ 


✓ 




✓ 

















OR/NOR Gates 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LV 


LVC 


Quad 2-lnput 
Exclusive-OR Gates 
With Totem-Pole Outputs 




'86 


✓ 


✓ 


✓ 


✓ 














+ 




'11086 












✓ 


✓ 










Quad 2-lnput 
Exclusive-OR Gates 


OC 


'136 


✓ 






















Quad 2-lnput 
Exclusive-NOR Gates 


OD 


'266 








✓ 


















'810 


✓ 






















OC 


'811 


✓ 























AND-OR Gates 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


Dual 2-Wide 2-lnput, 3-lnput 




'51 






✓ 















✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



INVERTING/NONINVERTING BUFFERS 



Hex Inverters/Noninverters 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LV 


LVC 


Hex Inverters 




'04 


✓ 


✓ 


✓ 


✓ 


✓ 










✓ 


+ 




'U04 








✓ 












✓ 


+ 




'11004 












✓ 


✓ 










oc 


'05 


✓ 






✓ 


















'14 








✓ 












✓ 


+ 




'11014 












✓ 


✓ 












'1004 


✓ 


✓ 






















'1005 


✓ 






















Hex 

Noninverters 




'11034 












✓ 


✓ 










oc 


'35 


✓ 
























'1034 


✓ 


✓ 




















oc 


'1035 


✓ 























✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



BUFFERS/DRIVERS AND BUS TRANSCEIVERS 



Buffers/ Drivers 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


MLS 


MO 


C 

r 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LVT 


LV 


LVC 


ALVC 


Quad Buffers/Drivers 


3S 


'125 






tj 

\r 


w 


«/ 

w 








i/ 






+ 




'126 






-/ 
w 


*/ 
w 




















Noninverting 

Hex Buffers/Drivers 


3S 


'365 








-S 
\r 




















'367 




























Inverting 

Hex Buffers/Drivers 


3S 


'368 








✓ 




















Noninverting 

Octal Buffers/Drivers 


3S 


'241 


✓ 


✓ 


✓ 


✓ 


✓ 






✓ 


✓ 










'11241 












✓ 


✓ 














'25241 


















+ 










'244 


✓ 


✓ 


✓ 


✓ 


✓ 






✓ 


✓ 




✓ 


+ 




'244A 




















✓ 








'11244 












✓ 


✓ 














'1244 


✓ 


























'25244 
















✓ 


+ 










'541 


✓ 




✓ 


✓ 


✓ 






✓ 


✓ 






+ 




OC 


757 




✓ 












✓ 












'760 


✓ 


✓ 












✓ 












'25760 
















+ 












Inverting 

Octal Buffers/Drivers 


3S 


'240 
























+ 




'11240 












✓ 


✓ 














'1240 


✓ 


























'25240 
















✓ 












'466 


✓ 


























'540 


✓ 






✓ 


✓ 






✓ 


✓ 






+ 




OC 


'756 


✓ 


✓ 












✓ 












'763 


✓ 


✓ 
























Inverting and 
Noninverting 
Octal Buffers/Drivers 


3S 


'230 




✓ 
























OC 


'762 




✓ 
























Triple 4-lnput 
OR/NOR Drivers 




'11802 














✓ 














Noninverting 

1 0-Bit Buffers/Drivers 


3S 


'827 


















✓ 










'11827 












✓ 


✓ 














'29827 


✓ 














✓ 












Inverting 

10-Bit Buffers/Drivers 


3S 


'828 


















+ 










'11828 












✓ 


✓ 














'29828 


✓ 














✓ 












Noninverting 

16-Bit Buffers/Drivers 


3S 


'16241 














✓ 




✓ 










'16244 












✓ 


✓ 




✓ 






+ 


+ 


'16244A 




















✓ 








'16541 














✓ 




V 











✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



BUFFERS/DRIVERS AND BUS TRANSCEIVERS (continued) 



Buffers/Drivers (continued) 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LVT 


LV 


LVC 


ALVC 


Inverting 

16-Bit Buffers/Drivers 


3S 


'16240 












✓ 


✓ 




✓ 






+ 


+ 


'16540 














✓ 




✓ 










Noninverting 

18-Bit Buffers/Drivers 


3S 


'16825 














✓ 




✓ 










Inverting 

18-Bit Buffers/Drivers 


3S 


'16826 


















+ 










Noninverting 

20-Bit Buffers/Drivers 


3S 


'16827 














✓ 




✓ 








+ 


Inverting 

20-Bit Buffers/Drivers 


3S 


'16828 


















+ 








+ 


Octal Buffers/Drivers 
With Input Pullup 
Resistors 




746 


✓ 



























Universal Bus Transceivers (UBT™)/Universal Bus Exchangers (UBE™) 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


AC 


ACT 


BCT 


ABT 


LVT 


LV 


LVC 


ALVC 


Noninverting 18-Bit 

Universal Bus Transceivers (UBT™) 


3S 


'16500 










+ 






+ 


'16500B 








✓ 










Noninverting 18-Bit 

Universal Bus Transceivers (UBT™) 


3S 


'16501 








✓ 


+ 




+ 


+ 


'16600 








✓ 








+ 


'16601 








✓ 








+ 


Noninverting 36-Bit 

Universal Bus Transceivers (UBT™) 


3S 


'32501 








✓ 










Noninverting 1 6-Bit Tri-Port 
Universal Bus Exchangers (UBE™) 


3S 


'32316 








✓ 










Noninverting 18-Bit Tri-Port 
Universal Bus Exchangers (UBE™) 


3S 


'32318 








✓ 










18-Bit Universal Bus Transceivers 
(UBT™) With Series Resistors on 
BPort 


3S 


'162500 








+ 










'162501 








+ 










'162600 








+ 










'162601 








✓ 










SCOPE™ 18-Bit 

Universal Bus Transceivers (UBT™) 


3S 


'18502 








✓ 


+ 








SCOPE™ 20-Bit 

Universal Bus Transceivers (UBT™) 


3S 


'18504 








✓ 


+ 









✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



BUFFERS/DRIVERS AND BUS TRANSCEIVERS (continued) 



Bus Transceivers 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


Al C 

ALo 


AC 

Ao 


F 


nv* 


ML 1 


A 

AL 


ALI 


BCT 


ABT 


LVT 


LV 


LVC 


ALVC 


Noninverting 
Quad Transceivers 


3S 


'243 


✓ 




✓ 






















Inverting 

Quad Transceivers 


oc 


758 


✓ 


























3S 


'242 






✓ 






















Noninverting 
Octal Transceivers 


3S 


'245 


✓ 


✓ 


✓ 


✓ 


✓ 






✓ 


✓ 


✓ 


✓ 


+ 




'1245 


✓ 


























'11245 












✓ 


✓ 














'25245 
















✓ 


✓ 










'645 


✓ 


✓ 




✓ 


✓ 


















'1645 


✓ 


























oc 


'621 


✓ 




✓ 






















'641 


✓ 


✓ 
























OC/3S 


'639 


✓ 


✓ 
























Inverting 

Octal Transceivers 


3S 


'620 


✓ 














✓ 


✓ 










'623 


✓ 


✓ 


✓ 


✓ 


✓ 






✓ 


✓ 










'11623 




























'640 








V 




















'1640 




























1 lO'tV 














✓ 














OC 


'642 


✓ 


























'25642 
















✓ 












OC/3S 


'638 


✓ 


✓ 
























Noninverting 
9-Bit Transceivers 


3S 


'863 


















✓ 






+ 




'29863 


✓ 














✓ 












Inverting 

9-Bit Transceivers 


3S 


'29864 




























Noninverting 
10-Bit Transceivers 


3S 


'861 


















+ 










'29861 
















✓ 












Inverting 

10-Bit Transceivers 


3S 


'29862 
















✓ 












Noninverting 

1 6-Bit Transceivers 


3S 


'16245 












✓ 


✓ 




✓ 


✓ 




+ 


+ 


'16623 












✓ 


✓ 




✓ 










Inverting 

16-Bit Transceivers 


3S 


'16640 












✓ 


✓ 




✓ 










'16620 












✓ 


✓ 




+ 










Noninverting 

1 8-Bit Transceivers 


3S 


'16863 














✓ 




✓ 










Inverting 

18-Bit Transceivers 


3S 


'16864 


















+ 











✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



BUFFERS/DRIVERS AND BUS TRANSCEIVERS (continued) 



Bus Transceivers (continued) 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LVT 


LV 


LVC 


ALVC 


Noninverting 
20-Bit Transceivers 


3S 


'16861 














✓ 




+ 










Inverting 

20-Bit Transceivers 


3S 


'16862 


















+ 










Noninverting 
Octal Registered 
Transceivers 


3S 


'11470 














✓ 














'543 






✓ 










✓ 


✓ 


✓ 




+ 




'11543 














✓ 














'646 


✓ 


✓ 




✓ 


✓ 






✓ 


✓ 


✓ 




+ 




'646A 


















✓ 










'11646 












✓ 


✓ 














'652 


✓ 


✓ 




✓ 


✓ 






✓ 


✓ 


✓ 




+ 




'11652 












✓ 


✓ 














'2952 
















✓ 


+ 


✓ 




+ 




'2952A 


















✓ 










OC/3S 


'653 


✓ 


























'654 


✓ 


























Inverting 

Octal Registered 

Transceivers 


3S 


'544 
















✓ 


+ 










'11544 














✓ 














'648 


✓ 


✓ 












✓ 


+ 










'11648 














✓ 














'651 


✓ 


✓ 












✓ 


✓ 










'2953 
















✓ 


+ 










Noninverting 
16-Bit Registered 
Transceivers 


3S 


'1 6470 














✓ 




✓ 










'16543 












✓ 


✓ 




✓ 


+ 




+ 


+ 


'16646 












✓ 


✓ 




✓ 


+ 




+ 


+ 


'16652 












✓ 


✓ 




✓ 


+ 




+ 


+ 


'16952 














✓ 




✓ 


+ 




+ 


+ 


Inverting 

16-Bit Registered 
Transceivers 


3S 


'16471 


















+ 










'16544 














✓ 




+ 










'16648 














✓ 




+ 










'16651 














✓ 




+ 










'16953 


















+ 











✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



BUFFERS/DRIVERS AND BUS TRANSCEIVERS (continued) 



Bus Transceivers (continued) 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LVT 


LV 


LVC 


ALVC 


Noninverting 
18-Bit Registered 
Transceivers 


3S 


'16472 












✓ 
















'16474 














✓ 














'16500 




















+ 




+ 


+ 


'16501 
























+ 


+ 


'16600 


















\/ 








+ 


'16601 


























+ 


Inverting 

18-Bit Registered 
Transceivers 


3S 


'16475 














✓ 














Noninverting 
36-Bit Transceivers 


3S 


'32245 


















+ 










Noninverting 
36-Bit Registered 
Transceivers 


3S 


'32501 


















✓ 










'32543 


















✓ 










8-/9-Bit Bus 
Transceivers 
With Parity 
Checkers/ 
Generators 


3S 


'657 






✓ 










✓ 


+ 










'659 










✓ 


















'833 


















+ 










'834 


















+ 










'853 


















+ 










'854 


















+ 










'899 
















✓ 












3S/OC 


'29833 


✓ 














✓ 












'29834 
















✓ 












'29853 


✓ 














✓ 












'29854 
















✓ 












Dual 8-/9-Bit 
Bus Transceivers 
With Parity 
Checkers/ 
Generators 


3S 


'16833 














✓ 




✓ 










'16657 














✓ 




✓ 










'16853 


















✓ 










Universal 

Transceivers/Port 

Controllers 


3S 


'856 




✓ 
























Noninverting 16-Bit 
Tri-Port 

Registered Bus 
Exchangers 


3S 


'32316 


















✓ 










Noninverting 18-Bit 
Tri-Port 

Registered Bus 
Exchangers 


3S 


'32318 


















✓ 











✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



BUFFERS/DRIVERS AND BUS TRANSCEIVERS (continued) 



MOS Memory Drivers/Transceivers 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALo 


AC 
AO 


c 
p 


ni> 


nu i 


Af* 


Apr 
Al* 1 


DU 1 


A DT 
AD 1 


Octal Transceivers With 
Series Resistors on Output 


3S 


'2623 




✓ 
















Octal Buffers/Drivers With 
Series Resistors on Output 


3S 


'2240 


✓ 














✓ 


✓ 


'2241 
















✓ 


✓ 


'2244 
















✓ 


✓ 


'2541 


✓ 


















Octal Transceivers With 
Series Resistors on B Port 


3S 


'2245 
















✓ 


+ 


Octal Latches With 
Series Resistors on Output 


3S 


'2574 
















+ 




10-Bit Buffers/Drivers With 
Series Resistors 


3S 


'2827 
















✓ 




'2828 
















✓ 




11 -Bit Buffers/Drivers With 
Series Resistors 


3S 


'2410 
















✓ 




'2411 
















+ 




'5400 


















✓ 


'5401 


















✓ 


12-Bit Buffers/Drivers With 
Series Resistors 


3S 


'5402 


















✓ 


'5403 


















✓ 


16-Bit Buffers/Drivers With 
Series Resistors 


3S 


'162240 


















+ 


'162244 


















✓ 


16-Bit Transceivers With 
Series Resistors 


3S 


'162245 


















+ 


18-Bit Universal Bus Transceivers 
(UBT™) With Series Resistors on 
B Port 


3S 


'162500 


















+ 


'162501 


















+ 


'162600 


















+ 


'162601 


















✓ 


12-to-24 Multiplexed D-Type Latches 
With Series Resistors on B Port 


3S 


'162260 


















✓ 



✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



TESTABILITY BUS-INTERFACE CIRCUITS 



JTAG/IEEE 1149.1 Testability Circuits 



DESCRIPTION 


NO. OF 
BITS 


OUTPUT 


TYPE 


TECHNOLOGY 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LVT 


Buffers/Drivers 


8 


3S 


'8240A 












✓ 






'8244A 












✓ 






Transceivers 


8 


3S 


'8245 














✓ 




'8245A 












✓ 






18 


3S 


'18245 














✓ 


+ 


Transparent Latches 


8 


3S 


'8373A 












✓ 






Flip-Flops 


8 


3S 


'8374A 












✓ 






Registered Transceivers 


8 


3S 


'8543 














✓ 




'8646 














✓ 




'8652 














✓ 




'8952 














✓ 




18 


3S 


'18502 














✓ 


+ 


'18646 














✓ 




'18652 














+ 




20 


3S 


'18504 














✓ 


+ 


Test Bus Controllers 




3S 


'8990 










✓ 








Digital Bus Monitors 




3S 


'8994 










✓ 








Scan Path Linkers 
With Identification Buses 


4 


3S 


'8997 










✓ 








8 


3S 


'8999 










✓ 









✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



FLIP-FLOPS AND LATCHES 



Flip-Flops 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LVT 


LV 


LVC 


ALVC 


Dual J-K 
Edge Triggered 




73 








✓ 






















76 








✓ 






















'109 


✓ 


✓ 


✓ 


✓ 






















'11109 












✓ 


✓ 
















'112 


✓ 




✓ 


✓ 
















+ 






'11112 












✓ 


✓ 
















'113 


✓ 






✓ 






















'114 


✓ 


























Dual D-Type 




74 


✓ 


✓ 


✓ 


✓ 


✓ 












✓ 


+ 






'11074 












✓ 


✓ 














Dual D-Type 
With 2-lnput 
NAND/NOR Gates 




7074 








✓ 






















7075 








✓ 






















7076 








✓ 




















Dual 4-Bit D-Type 
Edge Triggered 


3S 


'874 


✓ 


✓ 
























'11874 














✓ 














'876 


✓ 


✓ 
























'879 


✓ 


✓ 
























Quad D-Type 




'173 








✓ 






















'175 


✓ 


✓ 


✓ 


✓ 






















'11175 












✓ 


✓ 














Hex D-Type 




'174 






























'1 11 "7/1 
111/4 












✓ 


✓ 
















'378 






✓ 


✓ 




















Octal D-Type 
True Data 


3S 


'374 


✓ 


✓ 


✓ 


✓ 


✓ 






✓ 


✓ 




+ 


+ 




'11374 












✓ 


✓ 














'574 


✓ 


✓ 


✓ 


✓ 


✓ 






✓ 


✓ 


✓ 


+ 


+ 




Octal D-Type 
True Data 
With Clear 




'273 


✓ 






✓ 


✓ 








✓ 


✓ 


+ 








'11273 












✓ 


✓ 














3S 


'575 


✓ 


✓ 
























'874 


✓ 


✓ 
























Octal D-Type 

True Data 

With Clock Enable 




'377 






✓ 




✓ 








✓ 












'11377 












✓ 


✓ 














Octal D-Type 
Inverting 


3S 


'534 


✓ 


✓ 




✓ 








✓ 


✓ 










'11534 












✓ 


✓ 














'564 


✓ 


























'576 


✓ 


✓ 
























'29826 
















✓ 













✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



FLIP-FLOPS AND LATCHES (continued) 



Flip-Flops (continued) 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALb 


AS 


F 


HC 


HCT 




AuT 


BCT 


ABT 


LYT 


LV 


LVC 


ALVC 


uciai uuai-nanKea 
True Data 


3S 


'4374 




✓ 
























Octal Inverting 
With Clear 


3S 


'577 


✓ 


























'879 


✓ 


✓ 
























Octal Inverting 
With Preset 


3S 


'876 


✓ 


✓ 
























Octal True Data 


3S 


'825 




✓ 
























'11825 














✓ 














'29825 
















✓ 












9-Bit True Data 


3S 


'823 




•r 














T 






+ 
































9-Bit Inverting 


3S 


























































10-Bit True Data 


3S 


'821 




Ir 














-/ 

V 






T 




'1821 




✓ 
























'11821 














✓ 














'29821 


✓ 














✓ 












10-Bit Inverting 


3S 


'29822 
















✓ 












16-Bit D-Type 

True Data 

With Clock Enable 




'16377 


















+ 










16-Bit Noninverting 


3S 


'16374 












✓ 


✓ 




✓ 


+ 


l; 


+ 


+ 


16-Bit Inverting 


3S 


'16534 


















+ 










18-Bit Noninverting 


3S 


'16823 














✓ 




✓ 








+ 


20-Bit Noninverting 


3S 


'16821 














✓ 




✓ 








+ 



✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



FLIP-FLOPS AND LATCHES (continued) 



Latches 



DESCRIPTION 


NO. 
OF 
BITS 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LVT 


LV 


LVC 


ALVC 


Bistable 


4 




75 








✓ 






















'375 








✓ 




















D-Type Edge 
Triggered 
Inverting and 
Noninverting 


8 




'996 


✓ 


























D-Type 
Transparent 
Readback 
Latch, True 


8 


3S 


'990 


✓ 


























9 


3S 


'992 


✓ 


























10 


3S 


'994 


✓ 


























D-Type 
Transparent 
With Clear, 
True Outputs 


8 


3S 


'666 


✓ 


























D-Type 
Transparent 
With Clear, 
Inverting 

itni ite 


8 


3S 


'667 


✓ 


























D-Type 

Transparent 

True 


8 


3S 


'373 


✓ 


✓ 


✓ 


✓ 


✓ 






✓ 


✓ 




+ 


+ 




'11373 












✓ 


✓ 














'573 


✓ 


✓ 


✓ 


✓ 


✓ 






✓ 


✓ 


✓ 


+ 


+ 




16 


3S 


I oof o 












✓ 


✓ 




✓ 


+ 




+ 


+ 


1 DO / On 


















✓ 










32 


3S 


'32373 


















+ 










D-Type Dual 
4-Bit 

Transparent 
True 


8 


3S 


'873 


✓ 


✓ 
























'11873 












✓ 
















D-Type 

Transparent 

Inverting 


8 


3S 


'533 


✓ 


✓ 












✓ 


✓ 










'1 1 533 












✓ 


✓ 














'563 


✓ 






✓ 




















'580 


✓ 


✓ 
























16 


3S 


'16533 


















+ 










Dual 4-Bit 

Transparent 

Inverting 


8 


3S 


'880 


✓ 


✓ 
























2-lnput 
Multiplexed 


8 


3S 


'604 








✓ 




















Addressable 


8 


2S 


'259 


✓ 






✓ 




















Q 


'4724 








✓ 





















✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



FLIP-FLOPS AND LATCHES (continued) 



Latches (continued) 



DESCRIPTION 


NO. 
OF 
BITS 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LVT 


LV 


LVC 


ALVC 


D-TypG 
True Inputs 


8 


3S 


'845 


✓ 


























'29845 


✓ 


























9 


3S 


'843 


✓ 


✓ 














+ 






+ 




'1843 




✓ 
























'29843 




























10 


3S 


'841 


✓ 


✓ 














+ 






+ 




'29841 


✓ 














✓ 












18 


3S 


'16843 


















+ 








+ 


20 


3S 


'16841 














✓ 




✓ 








+ 


D-Type 

Inverting Inputs 


8 


3S 


'846 


✓ 


























'29846 
















✓ 












9 


3S 


'29844 
















✓ 












10 


3S 


'842 


✓ 


✓ 
























'29842 


✓ 



























✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



REGISTERS 



Shift Registers 



DESCRIPTION 


NO. OF 
BITS 


OUTPUT 


1 TrC 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


LV 


Parallel In, 
Parallel Out, 
Bidirectional 


A 




'194 




✓ 


















'11194 












✓ 


✓ 






O 
O 




'299 


✓ 




✓ 
















'323 


✓ 


















Parallel In, Parallel Out 


4 




'195 




✓ 
















Serial In, Parallel Out 


8 




'164 


✓ 






✓ 










+ 


Parallel In, Serial Out 


8 




'165 


✓ 






✓ 














'166 


✓ 






✓ 












Serial In, Parallel Out 
With Output Latches 


8 


3S 


'594 








✓ 












'595 








✓ 












Parallel Out 


10 




'11898 












✓ 


✓ 






Noninverting 


8 


3S 


'299 


✓ 


















9 


3S 


'29823 


✓ 



















Register Files 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


Dual 16 Word x 4 Bits 


3S 


'870 


✓ 


















'871 




✓ 

















✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



COUNTERS 



Synchronous Counters - Positive Edge Triggered 



DESCRIPTION 


PARALLEL 
LOAD 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


4-Bit Decade Up/Down 


Sync 


'568 


✓ 
















4-Bit Binary 


Sync 


'161 


✓ 


✓ 


✓ 


✓ 










'163 


✓ 


✓ 


✓ 


✓ 










'561 


✓ 
















4-Bit Binary Up/Down 


Sync 


'169 


✓ 


✓ 


✓ 












'569 


✓ 
















'8169 


✓ 
















Async 


'191 


✓ 






✓ 










'11191 












✓ 


✓ 




'193 


✓ 






✓ 










8-Bit Up/Down 


Sync Clear 


'869 


✓ 


✓ 














Async Clear 


'867 


✓ 


✓ 














'11867 














✓ 




Divide-by- 10 Counter 


Sync 


'4017 








✓ 











Asynchronous Counters (Ripple Clock) - Negative Edge Triggered 



DESCRIPTION 


PARALLEL 
LOAD 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


Dual 4-Bit Binary 


None 


'393 








✓ 










1 2-Bit Binary 


Sync 


'4040 








✓ 










14-Bit Binary 


Sync 


'4020 








✓ 










'4060 








✓ 










'4061 








✓ 











8-Bit Binary Counters With Registers 



DESCRIPTION 


PARALLEL 
LOAD 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


Parallel Register Outputs 


3S 


'590 








✓ 










'11590 












✓ 


✓ 




Parallel Register Inputs 


3S 


'11593 












✓ 


✓ 





✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



DECODERS, ENCODERS, DATA SELECTORS/MULTIPLEXERS 



Encoders/ Data Selectors/ M u It i plexers 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LV 


LVC 


Quad 2-to-1 




'157 


✓ 


✓ 


✓ 


✓ 


✓ 












+ 




'11157 












✓ 


✓ 












'158 


✓ 


✓ 


✓ 


✓ 


















'11158 












✓ 


✓ 












'298 




✓ 




















3S 


'257 


✓ 


✓ 


✓ 


✓ 


✓ 












+ 


'11257 












✓ 


✓ 










'258 
























'11258 
























Dual 4-to-1 




'153 


✓ 


✓ 


✓ 


✓ 


















'11153 












✓ 


✓ 












'352 
























3S 


'253 




v 


✓ 


















'11253 












✓ 


✓ 










'353 




✓ 




















'11353 














✓ 










Hex 2-to-1 

Universal Multiplexer 


3S 


'857 


✓ 






















8-to-1 




'151 


✓ 


✓ 


✓ 


✓ 


















'11151 












✓ 


✓ 










3S 


'251 


✓ 




✓ 


✓ 
















'11251 












✓ 












'354 








✓ 
















16-to-1 


3S 


'250 




✓ 




















'850 




✓ 




















'851 




✓ 




















Full BCD 




'147 








✓ 
















Cascadable Octal 




'148 








✓ 

















✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



DECODERS, ENCODERS, DATA SELECTORS/MULTIPLEXERS (continued) 



Decoders/Demultiplexers 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


LV 


LVC 


Dual 2-to-4 




'239 








✓ 
















Dual 2-to-4 




'139 


✓ 






✓ 


✓ 












+ 




'11139 












✓ 


✓ 










oc 


'156 


✓ 






















3-to-8 




'138 


✓ 


✓ 


✓ 


✓ 


✓ 










✓ 


+ 




'11138 












✓ 


✓ 












'238 










✓ 
















'11238 












✓ 


✓ 










3-to-8 With 
Address Registers 




'131 




✓ 






















'137 


✓ 






✓ 














+ 


3-to-8 With Address Latches 




'237 








✓ 
















4-tc~10 BCD-to-Decimal 




'42 








✓ 
















4-to-16 




'154 








✓ 
















4-to-16With 
Address Latches 




'4514 








✓ 


















'4515 








✓ 
















Dual 2-to-4 for Battery 
Backed-Up Memories 




'2414 
















✓ 









Shifters 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


4-Bit Shifter 


3S 


'350 






✓ 















✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



COMPARATORS AND PARITY GENERATORS/CHECKERS 



Comparators 



DESCRIPTION 


TYPE 


TECHNOLOGY 


INPUT 


P=Q 


P=Q 


P>Q 


P>Q 


P<Q 


OUTPUT 


ENABLE 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


o-Dii wiin 

20-kfl 

Pullup 


Yes 


No 


No 


No 


No 


oc 


Yes 


'518 


✓ 
















No 


Yes 


No 


No 


No 


2S 


Yes 


'520 


✓ 




✓ 












'11520 












✓ 


✓ 




No 


Yes 


No 


No 


No 


OC 


Yes 


'522 


✓ 
















No 


Yes 


No 


Yes 


No 


2S 


No 


'682 








✓ 










8-Bit 
Standard 


Yes 


No 


No 


No 


No 


OC 


Yes 


'519 


✓ 
















No 


Yes 


No 


No 


No 


2S 


Yes 


'521 


✓ 




✓ 












'11521 












✓ 


✓ 




No 


Yes 


No 


Yes 


No 


2S 


No 


'684 








✓ 










No 


Yes 


No 


No 


No 


2S 


Yes 


'688 


✓ 






✓ 










8-Bit 

Latched P 


No 


No 


Yes 


No 


Yes 


2S 


Yes 


'885 




✓ 














8-Bit 

Latched 

PandQ 


Yes 


No 


Yes 


No 


Yes 


L 


Yes 


'866 




✓ 















Address Comparators 



DESCRIPTION 


OUTPUT 
ENABLE 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


16-Bit to 4-Bit 


Yes 


'677 


✓ 


















12-Bit to 4-Bit 


Yes 


'679 


✓ 



















Parity Generators/Checkers 



DESCRIPTION 


NO. OF 
BITS 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


Odd/Even 

Generators/Checkers 


9 


'280 


✓ 


✓ 


✓ 


✓ 












'11280 












✓ 


✓ 






'286 




✓ 
















'11286 












✓ 


✓ 







✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



BUS SWITCHES AND 5-V/3-V VOLTAGE TRANSLATORS 



Crossbar Technology (CBT) 



nPQfRIDTiriN 
L/COvnlr 1 Iv/fM 


TVDP 
1 T re 


TECHNOLOGY 


CBT 


Dual 4-Bit With '244 Pinout 


'3244 


+ 


8-Bit With '245 Pinout 


'3245 


+ 


10-Bit Bus Exchanger 


'3383 


+ 


Dual 5-Bit 


'3384 


+ 


1 0-Bit With Precharged Outputs for Live Insertion 


'6800 


+ 


1 8-Bit Bus Exchanger 


'16209 


+ 


24-Bit Bus Exchanger 


'16212 


+ 


12-Bit 3-to-1 Bus Select 


'16214 


+ 



ARITHMETIC CIRCUITS 



Parallel Binary Adders 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


4-Bit 




'283 






✓ 


✓ 













Accumulators, Arithmetic Logic Units, Look-Ahead Carry Generators 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


4-Bit Arithmetic Logic Units: 
Function Generator 




'181 




✓ 


















'11181 














✓ 








'881 




✓ 
















4-Bit Arithmetic Logic Units 
With Ripple Carry 




'382 






✓ 















✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



FIFO MEMORIES 



First-ln, First-Out Memories (FIFOs) 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


SIZE 


TYPEt 


LS 


s 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


1 6 Words x 4 Bits 


U 


3S 


'232B 






✓ 


















16 Words x 5 Bits 


U 


3S 


'225 




✓ 




















'229B 






✓ 


















'233B 






✓ 


















32 Words x 9 Bits 


B 


3S 


'2238 






✓ 


















64 Words x 4 Bits 


U 


3S 


'234 






✓ 




















'236 






✓ 


















64 Words x 5 Bits 


U 


3S 


'235 






✓ 


















64 Words x 8 Bits 


U 


3S 


'2232A 






✓ 


















64 Words x 9 Bits 


U 


3S 


'2233A 






✓ 


















64 Words x 18 Bits 


U, C 


3S 


7813 


















✓ 






u 


3S 


7814 


















✓ 






64 Words x 36 Bits 


B,C 


3S 


'3612 






















+ 


'3614 






















+ 


U,C 


3S 


'3611 






















+ 


'3613 






















+ 


Dual 64 x 1 


C 


3S 


'2226 


















✓ 






'2227 


















✓ 






Dual 256 x 1 


C 


3S 


'2228 


















✓ 






'2229 


















✓ 






256 Words x 9 Bits 


U 


3S 


7200 


















✓ 






256 Words x 18 Bits 


U,C 


3S 


7805 


















✓ 






u 


3S 


7806 


















✓ 






256 x 36 x 2 Bits 


B,C 


3S 


'3622 


















+ 






512 Words x 9 Bits 


U 


3S 


7201 


















✓ 






U,S 


3S 


72211 


















✓ 






512 Words x 18 Bits 


U,C 


3S 


7803 


















✓ 






u 


3S 


7804 


















✓ 






B,C 


3S 


7819 






















✓ 


B 


3S 


7820 






















✓ 


512 Words x 32 Bits 


B,C 


3S 


'3638 


















+ 






512 Words x 36 Bits 


U,C 


3S 


'3631 


















+ 






B,C 


3S 


'3632 


















✓ 







tu = Unidirectional 
B = Bidirectional 
C = Clocked 



S = Synchronized 
✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



FIFO MEMORIES (continued) 



First-ln, First-Out Memories (FIFOs) (continued) 



DESCRIPTION 


OUTPUT 


TYPE 


TECHNOLOGY 


SIZE 


TYPEt 


LS 


s 


ALS 


AS 


F 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


1 K Words x 9 Bits 


B 


3S 


'2235 


















✓ 






'2236 


















✓ 






U 


3S 


7202 


















✓ 






U,S 


3S 


72221 


















✓ 






1K Words x 18 Bits 


u,c 


3S 


7801 


















✓ 






7811 


















✓ 






7881 


















+ 






U 


3S 


7802 


















✓ 






1 K Words x 36 Bits 


u,c 


3S 


'3641 


















+ 






1Kx 36x2 Bits 


B,C 


3S 


'3642 


















+ 






2K Words x 9 Bits 


u,c 


3S 


7807 


















✓ 






U 


3S 


7203 


















+ 






7808 


















✓ 






U,S 


3S 


72231 


















✓ 






2K Words x 18 Bits 


U,C 


3S 


7882 


















+ 






2K Words x 36 Bits 


u,c 


3S 


'3651 


















+ 






4K Words x 9 Bits 


u 


3S 


7204 


















✓ 






u,s 


3S 


72241 


















✓ 






4K Words x 18 Bits 


u,c 


3S 


7884 


















+ 







t U = Unidirectional 
B - Bidirectional 
C = Clocked 



S = Synchronized 
✓ Product available in technology indicated 
+ New product planned in technology indicated 
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FUNCTIONAL INDEX 



CLOCK DISTRIBUTION CIRCUITS 



Clock Distribution Circuits (CDC) 



DESCRIPTION 


TYPE 


TECHNOLOGY 


ALS 


AS 


p 


HC 


HCT 


AC 


ACT 


BCT 


ABT 


3.3-V Hgx InvGrting 
Clock Drivers/Buffers 


'203 












✓ 








Hex Inverting Clock Drivers/Buffers 


'204 












✓ 








Dual 1-to-4 Clock Drivers/Buffers 


'208 














✓ 






'209 












✓ 








Octal Divide-by-2 Clock Drivers 
(6 Inverting, 2 Noninverting) 


OUO 




















Octal Divide-by-2 Clock Drivers 
(8 Noninverting) 


'305 




✓ 
















Octal Divide-by-2 Clock Drivers 
(4 Inverting, 4 Noninverting) 


'304 




✓ 
















1 -to-6 Clock Drivers 


'328 


















✓ 


'328A 


















✓ 


'329 


















✓ 


'329A 


















✓ 


1-to-6 Clock Drivers 
With Output Enable 


'391 


















✓ 


'392 


















✓ 


1-to-8 Clock Drivers 


'340 


















✓ 


'341 


















✓ 


1-to-8, Divide-by-2 Clock Drivers 


'337 


















✓ 


'339 


















✓ 


Phase-Lock Loop 
1-to-12 Clock Drivers 


'582 


















+ 


'586 


















+ 


'2586 


















+ 



✓ Product available in technology indicated 
+ New product planned in technology indicated 



ECL TRANSLATORS 



ECL-to-TTL or TTL-to-ECL Translators 



DESCRIPTION 


LEVEL TRANSLATION 


OUTPUT 


TYPE 


Octal Bus Driver, Inverting 


ECL-to-TTL 


3S 


10KHT5540 


TTL-to-ECL 


OE 


10KHT5542 


Octal Bus Driver, Noninverting 


ECL-to-TTL 


3S 


10KHT5541 


TTL-to-ECL 


OE 


10KHT5543 


100KT5543 


Octal D-Type Latch, True 


ECL-to-TTL 


3S 


10KHT5573 


100KT5573 


Octal D-Type Flip-Flop, True 


ECL-to-TTL 


3S 


10KHT5574 


TTL-to-ECL 


OE 


10KHT5578 


100KT5578 
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General Information 



1 



ABT Octals 


2 


ABT Widebus™ 


™3 


ABTE/ETL Widebus™ E] 


ABTWidebus+™ 


5 


ABT Memory Drivers 


6 


ABT 25-Q, Incident-Wave Switching Drivers 


Futurebus+/BTL Transceivers 


8 


ABT JTAG/IEEE 1149.1 


9 


LVTJTAG/IEEE 1149.1 


10 


LVT Octals 


11 


LVT Widebus™ 


12 


LVT Memory Drivers 




LVT/GTL Widebus™ 


14 


Application Notes and Articles 


15 


ABT Characterization Information 


16 


Mechanical Data 


17 



2-1 



Features 



ABT OCTALS 



Benefits 



> 
CD 
H 

O 

o 

r-ti 
SL 

0) 



EPIC-IIB™ BiCMOS process 

0.8-|im CMOS core logic 

Bipolar output transistors 

Industry-standard corner-pin Vqc ancl 
GNDpinout 

-40°/85° characterization 

DIP, SOIC, and EIAJ SSOP package 
options 

Tl has established two alternate 
sources 



Sub-5-ns maximum propagation delays for 
improved cycle time and performance 

Very low standby power consumption 

-32-/64-mA drive capability for high 
fanout and advanced backplane interface 

Drop-in replaceable to existing layouts 
and designs for easy upgradeability 

Industrial temperature range for field 
applications 

Flexible approaches for many 
board-space-saving needs 

Standardization that comes from a 
common product approach 



The following table lists ABT octal devices currently being evaluated for market introduction. 
Customers interested in learning more about Tl's plans for these devices should contact the 
Advanced System Logic Marketing hotline at (214) 997-5202. 



DEVICE 


PIN COUNT 


DESCRIPTION 


'ABT563 


20 


Octal D-Type Transparent Latch 


'ABT564 


20 


Octal D-Type Flip-Flop 


'ABT648 


24 


Octal Registered Bus Transceiver 


'ABT825 


24 


Octal Register 


'ABT834 


24 


Octal Registered Bus Transceiver 


'ABT845 


24 


Octal Latch 


'ABT854 


24 


Octal Registered Bus Transceiver 


'ABT864 


24 


9-Bit Transceiver 
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SN54ABT125, SN74ABT125 
QUADRUPLE BUS BUFFER GATES 
WITH 3-STATE OUTPUTS 

D3767, FEBRUARY 1991 - REVISED APRIL 1993 



State-of-the-Art EPIC-UB " BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V CC = 5 V, T A = 25°C 

High-Drive Outputs (-32-mA \ 0H , 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



SN54ABT125 ... J PACKAGE 
SN74ABT125 . . . D, DB, OR N PACKAGE 
(TOP VIEW) 




SN54ABT125 . . . FK PACKAGE 
(TOP VIEW) 



ILU 

< |o o 



0|LL| 



1Y ] 4 
NC ] 5 
20E ] 6 
NC ]7 
2A ]8 



I II II II II I 

3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ 
17[ 
16[ 
15[ 

14[ 30E 



4A 
NC 
4Y 
NC 



> Q 
<n z 



O >; < 

2 CO CO 



NC - No internal connection 



The 'ABT1 25 bus buffer features independent line 
drivers with 3-state outputs. Each output is 
disabled when the associated output-enable (OE) 
input is high. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vqc 
through a pullup resistor*; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN74ABT125 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT1 25 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT1 25 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each buffer) 


INPUTS 


OUTPUT 


OE A 


Y 


L H 


H 


L L 


L 


H X 


Z 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION . Copyright © 1 993, Texas Instruments Incorporated 
DATA information current as of publication date. Products conform to 

specifications per the terms of Texas Instruments standard warranty. wV0 HTt V A C 

Production processing does not necessarily include testing of all >f lfUv/Vo 
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SN54ABT125, SN74ABT125 
QUADRUPLE BUS BUFFER GATES 
WITH 3-STATE OUTPUTS 

D3767, FEBRUARY 1991 - REVISED APRIL 1993 



logic symbolt logic diagram (positive logic) 




Pin numbers shown are for the D, DB, J, and N packages. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, Vqc ■ -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) . -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT125 . 96 mA 

SN74ABT125 .\ 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) • ■ ■ • -50 mA 

Maximum power dissipation at = 55°C (in still air): D package 0.7 W 

DB package . 0.6 W 

N package 1.1 W 

Storage temperature range -65°C to 1 50°C 



i Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT125 


SN74ABT125 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


>OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Onused or floating inputs must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifi " ■ ■ 



ications are design goals. Texas Instruments reserves the right to w*f& "IpvAC 

mge or discontinue these products without notice. \f | CaAj 
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SN54ABT125, SN74ABT125 
QUADRUPLE BUS BUFFER GATES 
WITH 3-STATE OUTPUTS 

D3767, FEBRUARY 1 991 - REVISED APRIL 1 993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT125 


SN74ABT125 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


VcC = 4 -5V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


w Utl 


Vcc = 4 5 V, lOH = -3 mA 


2.5 


2.5 


2.5 


v 


Vcc = 5 V, l0H = -3mA 


3 


3 


3 


Vcc = 4 -5 V, l<3H = -24 mA 


2 


2 




Vcc = 4.5 V, loH = -32mA 


2* 




2 


vol 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


VCC = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


Vcc = 5.5 V, V| = Vcc or GND 


±1 


±1 


±1 


|iA 


'OZH 


V C C = 5.5 V, Vq = 2.7 V 


50 


50 


50 




'OZL 


V C C = 5.5 V, Vq = 0.5 V 


— ou 


— ou 


en 
— ou 




'off 


Vcc = 0. v | or Vq < 4.5 V 


±100 




±100 


uA 


'CEX 


Vcc = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


|iA 


io § 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -100 -200H 


-50 -200H 


-50 -200U 


mA 


'cc 


V C C = 5.5 V, l 0 = 0, 
V| - V C C or GND 


Outputs high 


1 250 


250 


250 


|iA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


RA 


AI C C # 


V C C = 5.5V, 
One input at 
3.4 V, 

Other inputs at 
Vcc or G ND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


3 






pF 


C 0 


Vq = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This data sheet limit may vary among suppliers. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
' (INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT125 


SN74ABT125 


UNIT 




MIN TYP 


MAX 


MIN MAX 


MIN MAX 




tpLH 11 


A 


Y 


1 3.2 


4.3 


1 6.7 


1 5.8 


ns 


tPHL 11 


1 3.7 


4.9 


1 6.2 


1 5.9 


tpZH 11 


OE 


Y 


1 3.6 


4.8 


1 6 


1 5.9 


ns 


t PZL 1l 


1 4.9 


6.3 


1 7.5 


1 7.4 


tPHZ 


OE 


Y 


1 3.5 


5.4 


< 1 6.3 


1 6.2 


ns 


t PLZ n 


1 3.3 


5.3 


1 7.2 


1 6.3 



H This data sheet limit may vary among suppliers. 



PRODUCT PREVIEW information concerns products in the formative or ™ # 

design phase of development. Characteristic data and other — _ 

specifications are design goals. Texas Instruments reserves the right to Tt^V a 

change or discontinue these products without notice. \f l.tl^/Y>3 
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SN54ABT125, SN74ABT125 
QUADRUPLE BUS BUFFER GATES 
WITH 3-STATE OUTPUTS 

D3767, FEBRUARY 1 991 - REVISED APRIL 1 993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 & 

-AAAr- 



500 Q 



S1, 



p 7V 

O Open 
9 GND 



TEST 


S1 


tPLHfiPHL 
tPLZflpZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



ZX 1 - 5V XE* 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



c o 0 r 



tpzL -►! k- 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



I 



tpZH 



jt PLZ -^ ^ 



3V 
0V 

3.5 V 



\l.5V Y ~~ 
|tpHZ-*l |*- 



VOH-0.3V 



VOH 



0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. ' 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT126, SN74ABT126 
QUADRUPLE BUS BUFFER GATES 
WITH 3-STATE OUTPUTS 

D3768, FEBRUARY 1991 - REVISED APRIL 1993 



State-of-the-Art EP/C-IIS™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA Iqh> 
64-mA l 0L ) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



SN54ABT126 ... J PACKAGE 
SN74ABT126 . . . D, DB, OR N PACKAGE 
(TOP VIEW) 




SN54ABT126 . . . FK PACKAGE 
(TOP VIEW) 



LU 

< O o 



0 LU 

o O 



1Y ] 4 
NC ] 5 
20E ]6 
NC ]7 
2A ]8 



L-ILJLJLJLJ 

3 2 1 20 19 



9 10 11 12 13 
r-ir-it— it— it— i 



18[ 
17[ 
16[ 
15[ 
14[ 



4A 
NC 
4Y 
NC 
30E 



O >- < 

7 CO CO 



NC - No internal connection 



The 'ABT1 26 bus buffer features independent line 
drivers with 3-state outputs. Each output is 
disabled when the associated output-enable (OE) 
input is low. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to GND 
through a pulldown resistor; the minimum value of 
the resistor is determined by the current-sourcing 
capability of the driver. 

The SN74ABT1 26 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT1 26 is characterized for operation over'the full military temperature range of -55°C to 1 25°C. The 
SN74ABT126 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each buffer) 


INPUTS 


OUTPUT 


OE A 


Y 


H H 


H 


H L 


L 


L X 


Z 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION mm Copyright © 1 993, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to 
of Tex 



specifications per the terms of Texas Instruments standard warranty. wVw Trv A C* 

Production processing does not necessarily include testing of all if I r". XA.^ 
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SN54ABT126, SN74ABT126 
QUADRUPLE BUS BUFFER GATES 
WITH 3-STATE OUTPUTS 

D3768, FEBRUARY 1 991 - REVISED APRIL 1 993 



logic symbolt 



logic diagram (positive logic) 



10E 
1A 

20E 
2A 

30E 
3A 

40E 
4A 



1 


EN 1 

V 


3 


2 


6 


4 




5 


8 


10 




9 


11 


13 




12 







1Y 



2Y 



3Y 



4Y 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



10E 



1A 



20E 



2A 



30E 



3A 



10 




1Y 



2Y 



3Y 



13 

40E 

12 rv 11 

4A H > 4Y 

Pin numbers shown are for the D, DB, J, and N packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc ■ ■■■ -0.5 V to 7 V 

Input voltage range, V| (see Note 1) . -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 26 96 mA 

SN74ABT126 128 mA 

Input clamp current, Iik ( v l < °) ■ ■ - ■ ■ ~ 18 mA 

Output clamp current, Iqk ( v o < °) ■ ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): D package . 0.7 W 

DB package 0.6 W 

N package 1.1 W 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.' 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT126, SN74ABT126 
QUADRUPLE BUS BUFFER GATES 
WITH 3-STATE OUTPUTS 

D3768, FEBRUARY 1991 - REVISED APRIL 1993 



recommended operating conditions (see Note 2) 







SN54ABT126 


SN74ABT126 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


, 0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT126 


SN74ABT126 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C c = 4.5 V, l|=-18mA 


-1.2 


-1-2 


-1.2 


V 


VOH 


Vcc = 4 - 5 V, lOH = -3 mA 


2.5 


2.5 


2.5 


V 


VCC = 5 V, lOH = -3 mA 


3 


3 


3 


Vcc = 4 5 V, lOH = -24 mA 


2 


2 




Vcc = 4.5 V, Iqh = -32 mA 


2* 




2 


vol 


VCC = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


VCC = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


"i 


VCC = 5-5 V, V| = V C C or GND 


±1 


±1 


±1 


uA 


'OZH 


V C C = 5.5 V, V 0 = 2.7 V 


50 


50 


50 


uA 


'OZL 


Vcc = 5.5 V, Vq = 0.5V 


-50 


-50 


-50 


uA 


'off 


Vcc = °> v | or Vq < 4.5 V 


±100 




±100 


uA 


'CEX 


V C C = 5-5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


uA 


io § 


V C C = 5-5 V, V 0 = 2.5 V 


-50 -100 -200 


-50 -200 


-50 -200 


mA 


'cc 


V C C = 5-5 V, l 0 = 0, 
V| - Vcc or GND 


Outputs high 


1 250 


250 


250 


uA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


uA 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


50 


50 


50 


uA 


Cj 


V| = 2.5 V or 0.5 V 


3 






pF 


Co 


Vq = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND- 



kkuuuu I KKtvitw imormanon concerns products in ine rormaiive or n 

design phase of development. Characteristic data and other 111 

specifications are design goals. Texas Instruments reserves the right to TV? AAA o 

change or discontinue these products without notice. \f I r.XA^S 
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SN54ABT126, SN74ABT126 
QUADRUPLE BUS BUFFER GATES 
WITH 3-STATE OUTPUTS 

D3768, FEBRUARY 1991 - REVISED APRIL 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


CMCAA PT1 Oft 
OIN04AD 1 1 ZD 


CM7AART1 Oft 
OlN 1 1Mb 1 1 ZD 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


tPLHt 


A 


Y 


1 2.9 4.9 


1 7.3 


1 6.3 


ns 


tPHLt 


1 2.5 5.1 


1 5.9 


1 5.7 


tPZHt 


OE 


Y 


1 4.4 5.8 


1- 5.3 


1 6.5 


ns 


tPZLt 


1 4.4 5.9 


6.4 


1 6.5 


tPHZf 


OE 


Y 


1 3 5.7 


1 6.9 


1 6.8 


ns 


tPLZt 


1 3 5.8 


1 7.2 


1 6.7 



t This data sheet limit may vary among suppliers. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT126, SN74ABT126 
QUADRUPLE BUS BUFFER GATES 
WITH 3-STATE OUTPUTS 

D3768, FEBRUARY 1991 - REVISED APRIL 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 Q 



500 ft 



o 7V 
SI/* o Open 

9 GND 



TEST 


S1 


tPLHftPHL 
tPLZ'tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



t w - 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



*su 



JK?1 



th 



) < 15V ^ 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



~^ < 15V 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



° UtpUt "Vl5V Vt.5V 
Control AI_ A 



tpzL -►) k- 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



1 tpLZ |«" 



1-1 

I tPHZ ~>l j*- 
tpZH -*| |4- 

I ' 



0.3 V 



- 0.3 V 



3 V 
0V 

3.5 V 

vol 

VOH 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C\_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT240, SN74ABT240 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS098C - D3702, JANUARY 1 991 - REVISED DECEMBER 1 992 

• State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 

• High-Drive Outputs (-32-mA I 0 h> 
64-mA l 0L ) 

• Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 

These octal buffers and line drivers are designed 
specifically to improve both the performance and 
density of 3-state memory address drivers, clock 
drivers, and bus-oriented receivers and 
transmitters. Taken together with the 'ABT241 and 
'ABT244, these devices provide the choice of 
selected combinations of inverting and 
noninverting outputs, symmetrical OE (active-low 
output-enable) inputs, and complementary OE 
and OE inputs. 

The 'ABT240 is organized as two 4-bit buffers/line 
drivers with separate output-enable (OE) inputs. 
When OE is low, the device passes data from the 
A inputs to the Y outputs. When OE is high, the 
outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT240 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT240 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT240 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each buffer) 


INPUTS 


OUTPUT 


OE A 


Y 


L H 


L 


L L 


H 


H X 


Z 



SN54ABT240 ... J PACKAGE 
SN74ABT240 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 




SN54ABT240 . . . FK PACKAGE 
(TOP VIEW) 

^ ILU Q IUJ 

> < \ojj p 

N r r> 'CVJ 



1A2 ] 4 
2Y3 ]5 
1A3 ]6 
2Y2 ]7 
1A4 ]8 



3 2 1 20 19 



9 10 11 12 13 
i— ir-ir-ir-n— i 



18[ 1Y1 
17[ 2A4 
16[ 1Y2 
15[ 2A3 
14[ 1Y3 



i- Q t- rt CM 

> z < > < 
CM m CM t- CM 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



Copyright © 1992, Texas Instruments Incorporated 
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SN54ABT240, SN74ABT240 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS098C - D3702, JANUARY 1991 - REVISED DECEMBER 1992 



logic symbolt 



10E 

1A1 
1A2 
1A3 
1A4 

20E 

2A1 
2A2 
2A3 
2A4 



1 

2 


EN 

h r 


18 


> V 


4 






6 








8 




12 




11 










EN 

h r 


9 


>' V 


13 


7 




15 




5 




17 




3 











logic diagram (positive logic) 



10E 



1Y1 
1Y2 
1Y3 
1Y4 



2Y1 
2Y2 
2Y3 
2Y4 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



1A1 



1A2 



1A3 



1A4 



20E 



2A1 



2A2 



2A3 



2A4 









18 








r 

16 








' 14 







19 



11 



13 



15 



17 



12 



1Y1 



1Y2 



1Y3 



1Y4 









i 

9 








» 

7 








> 

5 







2Y1 



2Y2 



2Y3 



2Y4 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

' Supply voltage range, Vqc • ■ ■ -°- 5 V to 7 V 

Input voltage range, Vj (see Note 1 ) . . . . -0.5 V to 7 V 

Voltage applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT240 96 mA 

SN74ABT240 ...... 128mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk (V<D < °) ■ -50 mA 

Maximum power dissipation at = 55°C (in still air): DB package . : . 0.65 W 

DW package . 0.85 W 

N package 1 .3 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute ■ i iaxh i iUi 1 1 ratings" 1 1 iay cause pen i ianent dai i iaQe to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT240, SN74ABT240 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS098C - D3702, JANUARY 1991 - REVISED DECEMBER 1992 



recommended operating conditions (see Note 2) 







SN54ABT240 


SN74ABT240 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT240 


SN74ABT240 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V IK 


Vcc = 4.5 V, l| =-18 mA 


-1.2 


-1 .2 


-1.2 


V 


VOH 


Vcc = 4.5 V, IOH = "3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, lOH = " 3 mA 


3 


3 


3 


VCC = 4.5 V, loH=-24mA 


2 


2 




Vcc = 4.5 V, Iqh = - 32 mA 


2* 




2 


vol 


Vcc = 4.5 V, l0L = 48mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iol = 64 mA 


0.55+ 




0.55 


ii 


V C c = 5.5 V, V| = V C corGND 


±1 


+1 


±1 


uA 


•OZH 


V C C = 5.5 V, V 0 = 2.7V 


10§ 


10§ 


10§ 


uA 


«OZL 


Vcc = 5.5 V, V O = 0.5V 


-10§ 


-10§ 


-10§ 


uA 


•off 


Vcc = °. v i or Vq ^ 4.5 V 


±100 




±100 


uA 


'CEX 


Vcc = 5-5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


uA 


ioH 


Vcc = 5-5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 'O = 0, 
V| - V C C o r GN° 


Outputs high 


1 250 


250 


250 


uA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


uA 


Alcc # 


V C C = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


3 






PF 


Co 


Vq = 2.5 V or 0.5 V 


8 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ This data sheet limit may vary among suppliers. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT240, SN74ABT240 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS098C - D3702, JANUARY 1991 - REVISED DECEMBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT240 


SN74ABT240 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


1 


2.9 


4.1 


0.8 


5.5 


1 


4.8 


ns 


tPHL 


1.6 


3.1 


4.3 


1 


5.5 


1.6 


4.8 


tpZH 


OE 


Y 


1.1 


3.1 


4.7 


0.8 


7.5 


1.1 


5.2 


ns 


tpZL 


1.1 


2.7 


5.8 


0.8 


7.7 


1.1 


6.2 


tPHZ 


OE 


Y 


1.8 


4.6 


5.7 


1.7 


7 


1.8 


6.4 


ns 


tPLZ 


1.6 


4 


5.4 


1.3 


7.2 


1.6 


5.8 
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SN54ABT240, SN74ABT240 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS098C - D3702, JANUARY 1991 - REVISED DECEMBER 1992 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q 

-AAA — 



500 Q 



7V 



SI/* o Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ/tPZL 
tPHZ'tPZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— v v — 

Input 1-5V^t A 1,5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



"Vl.5V 

-VTN 



*su 



I 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0 V 



3 V 
OV 



Input 
i Note B) 



Output 



Output 



X 1 - 5V X 7 ^ 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



con ZXElZ)^ 



tPZL 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



!*PLZ->J | 



\l.5V Y 

i tpHz -*\ k- 

tpZH -*| ^- j 



k V OH -0.3V 



3 V 
0 V 

3.5 V 

vol 

V 0 H 

~ 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT241,SN74ABT241 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3703, JANUARY 1991 - REVISED DECEMBER 1992 



State-of-the-Art EPIC-UB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-1 7 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT241 ... J PACKAGE 
SN74ABT241 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 




description 



SN54ABT241 . . . FK PACKAGE 
(TOP VIEW) 



These octal buffers and line drivers are designed 
specifically to improve both the performance and 
density of 3-state memory address drivers, clock 
drivers, and bus-oriented receivers and 
transmitters. Taken together with the 'ABT240 and 
'ABT244, these devices provide the choice of 
selected combinations of inverting and 
noninverting outputs, symmetrical OE (active-low 
output-enable) inputs, and complementary OE 
and OE inputs. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vcc 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 

capability of the driver. OE should be tied to GND through a pulldown resistor; the minimum value of the resistor 
is determined by the current-sourcing capability of the driver. 

The SN74ABT241 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT241 is characterized for operation over the full military temperature rangeof-55°Cto 125°C. The 
SN74ABT241 is characterized for operation from -40°C to 85°C. 




EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. — Copyright © 1992, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments ^Efl 

standard warranty. Production processing does not necessarily include wVW Tttv A O 

testing of all parameters. I r.XAN 
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SN54ABT241.SN74ABT241 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3703, JANUARY 1991 - REVISED DECEMBER 1992 



logic symbolt 



10E 

1A1 
1A2 
1A3 
1A4 

20E 

2A1 
2A2 
2A3 
2A4 



FUNCTION TABLES 



INPUTS 


OUTPUT 


10E 1A 


1Y 


L H 


H 


L H 


H 


L L 


L 




INPUTS 


OUTPUT 


20E 2A 


2Y 


H H 


H 


H L 


L 


L X 


Z 



1 IS 


EN 

n H 


18 


2 


> V 


4 


16 




6 




14 




8 


12 









logic diagram (positive logic) 



1Y1 
1Y2 
1Y3 
1Y4 



10E 



1A1 



1A2 



19 


EN 

h H 


9 


11 


> V 


13 


7 




15 




5 




17 




3 











1A3 



1A4 



2Y1 
2Y2 
2Y3 
2Y4 



s4 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 



20E 



2A1 



19 



2A2 



2A3 



2A4 



13 



15 



17 



18 



16 



14 



12 



1Y1 



1Y2 



1Y3 



1Y4 



2Y1 



2Y2 



2Y3 



2Y4 
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SN54ABT241, SN74ABT241 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3703, JANUARY 1991 - REVISED DECEMBER 1992 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc ■ -°- 5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT241 96 mA 

SN74ABT241 128 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk ( v 0 < °) ~ 5u mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

N package 1 .3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT241 


SN74ABT241 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


5 


5 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT241,SN74ABT241 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3703, JANUARY 1991 - REVISED DECEMBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25 Q C 


SN54ABT241 


SN74ABT241 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| =-18 mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4.5 V, Iqh = ~ 3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = - 3 mA 


3 


3 


3 


Vqc = 4.5 V, loH = -24mA 


2 


2 




Vcc = 4.5 V, loH = -32mA 


2* 




2 


vql 


Vcc = 4.5 V, l0L = 48mA 


0.55 


0.55 




V 


VCC = 4-5V, l0L = 64mA 


0.55+ 




0.55 


ii 


Vcc = 5 -5 V V| = Vcc or GND 


+1 


±1 


+1 


|iA 


'OZH 


Vcc = 5.5 V, V 0 = 2.7V 


50 


50 


50 


jxA 


'OZL 


V C C = 5.5 V, V O = 0.5V 


-50 


-50 


-50 


^iA 


'off 


Vcc = 0. V| or Vq < 4.5 V 


±100 




±100 


liA 


'CEX 


Vcc = 5.5 V, Vq = 5.5 V Outputs high 


50 


50 


50 


liA 


l 0 § 


V C C = 5.5 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, >O = 0, 
V| = Vcc or GND 


Outputs high 


1 250 


250 


250 




Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 






V C C = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Pi 


V| = 2.5 V or 0.5 V 


3 






pF 


Co 


Vq = 2.5 V or 0.5 V 


8 






pF 



t All typical values are at Vcc = 5 V. 

+ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT241,SN74ABT241 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3703, JANUARY 1991 - REVISED DECEMBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT241 


SN74ABT241 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


1 


2.6 


4.1 


0.8 


5.3 


1 


4.6 


ns 


tPHL 


1 


2.9 


4.2 


0.8 


5 


1 


4.6 


tpZH 


OEorOE 


Y 


1.1 


4.8 


6.3 


1 


7 


1.1 


6.8 


ns 


tpZL 


1.3 


4.3 


5.8 


1 


7 


1.3 


6.8 


tPHZ 


OEor OE 


Y 


1.6 


4.6 


6.1 


0.8 


7.9 


1.6 


7.1 


ns 


tPLZ 


1 


3.9 


5.4 


0.8 


6.2 


1 


5.9 
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SN54ABT241, SN74ABT241 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3703, JANUARY 1991 - REVISED DECEMBER 1992 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



50012 

-A/W- 



50012 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ/tPZL 
tPHZ/tPZH 


Open 
7 V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



, — y — — v — 

Input 1-5Vjt A 1-5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



5 V 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0 V 



X isv XIEI o 



3V 
V 



Input 
(see Note B) 



Output 



Output 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 



Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPZL-^ k- | 

tPLZ -H U 



r 1.5V 



| tPHZ k" 
tpZH"^ fi- 



VQH-0.3V 



3V 
0 V 

3.5 V 

vol 

V 0 H 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT244, SN74ABT244 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS099D - D3655, JANUARY 1991 - REVISED JULY 1993 



State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Typical Vqlp (Output Ground Bounce) 
<1 VatV cc = 5V,T A = 25°C 
High-Drive Outputs (-32-mA Iqh> 
64-mA I 0 l) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



SN54ABT244 ... J PACKAGE 
SN74ABT244 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 



10E [ 


u 

1 


on 


J V CC 


1A1 [ 


2 


19 


]20E 


2Y4[ 


3 


18 


] 1Y1 


1A2[ 


4 


17 


]2A4 


2Y3[ 


5 


16 


] 1Y2 


1A3[ 


6 


15 


]2A3 


2Y2[ 




14 


] 1Y3 


1A4[ 


8 


13 


]2A2 


2Y1 [ 


9 


12 


] 1Y4 


GND [ 


10 


11 


]2A1 



SN54ABT244 . . . FK PACKAGE 
(TOP VIEW) 



1A2 ] 4 
2Y3 ]5 
1A3 ]6 
2Y2 ]7 
1A4 ]8 



tJ- t— ILL! 

£<'°' 

I II II II II I 

3 2 1 20 19 



O |LU 

i- '"!-> CM 



9 10 11 12 13 

nnnnn 



18[ 1Y1 
17[ 2A4 
16[ 1Y2 
15[ 2A3 
14[ 1Y3 



These octal buffers and line drivers are designed 
$pecifically to improve both the performance and 
density of 3-state memory address drivers, clock 
drivers, and bus-oriented receivers and 
transmitters. Taken together with the 'ABT240 and 
'ABT241, these devices provide the choice of 
selected combinations of inverting and 
noninverting outputs, symmetrical OE (active-low 
output-enable) inputs, and complementary OE 
and OE inputs. 

The 'ABT244 is organized as two 4-bit buffers/line 
drivers with separate output-enable (OE) inputs. 
When OE is low, the device passes data from the 
A inputs to the Y outputs. When OE is high, the 
outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT244 is available in TPs shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT244 is characterized for operation over the full military temperature range of-55°C to 1 25°C. The 
SN74ABT244 is characterized for operation from -40°C to 85°C. 



r Q r t 

>- z < >- 

CM g CM t- 



FUNCTION TABLE 
(each buffer) 


INPUTS 


OUTPUT 


OE A 


Y 


L H 


H 


L L 


L 


H X 


Z 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. _ Copyright © 1993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments W arn 

standard warranty. Production processing does not necessarily include ^V*4P TVva r> 

testing of all parameters. jVr 1EXAS 
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SN54ABT244, SN74ABT244 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS099D - D3655, JANUARY 1991 - REVISED JULY 1993 



logic symbolt 



10E 

1A1 
1A2 
1A3 
1A4 

20E 

2A1 
2A2 
2A3 
2A4 



1 IN 


EN 
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2 


> V 
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EN 
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t> V 
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logic diagram (positive logic) 



10E 



1Y1 
1Y2 
1Y3 
1Y4 



2Y1 
2Y2 
2Y3 
2Y4 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
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20E 
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> 
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1Y1 
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2Y1 



2Y2 



2Y3 



2Y4 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqq . -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT244 96 mA 

SN74ABT244 128 mA 

Input clamp current, l||< (V| < 0) -18 mA 

Output clamp current, Iqk ( v 0 < °) ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package . — 0.65 W 

DW package 0.85 W 

N package 1.3 W 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT244, SN74ABT244 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS099D - D3655, JANUARY 1991 - REVISED JULY 1993 



recommended operating conditions (see Note 2) 







SN54ABT244 


SN74ABT244 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


>OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT244 


^ Ik 1^ if A OTTO A A 

SN74ABT244 


UNIT 


MIN TYrl MAX 


■ AIM >■ A V 

MIN MAX 


MIN MAX 


V IK 


Vcc = 4.5 V, l|=-18mA 


—1 2 


—1 2 


—1 2 


y 


VOH 


Vcc = 4.5 V, l0H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = - 3 mA 


3 


3 


3 


Vcc = 4-5 V, Iqh = - 24 mA 


2 


2 




Vcc = 4-5 V, Iqh = - 32 mA 


2* 




2 


vol 


Vcc = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iol = 64 mA 


0.55* 




0.55 


ii 


Vcc = 5.5 V, V| = Vcc or GND 


±1 


±1 


±1 


uA 


'OZH 


V C C = 5-5 V, Vo = 2.7 V 


10§ 


10§ 


10§ 


uA 


'OZL 


Vcc = 5.5 V, V O = 0.5V 


-10§ 


-10§ 


-10§ 


uA 


'off 


Vcc = 0. V| or Vo < 4.5 V 


±100 




±100 


uA 


'CEX 


Vcc = 5.5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


uA 




V C C = 5-5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 'O = 0, 
V| - V C C or GND 


Outputs high 


1 250 


250 


250 


uA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


uA 


AlcC # 


V C C = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


3 






PF 


Co 


Vo = 2.5 V or 0.5 V 


8 






pF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ This data sheet limit may vary among suppliers. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT244, SN74ABT244 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS099D - D3655, JANUARY 1991 - REVISED JULY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


rriUlvi 
(INPUT) 


1 U 

(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT244 


SN74ABT244 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


1 


2.6 


4.1 


1 


5.3 


1 


4.6 


ns 


tPHL 


1 


2.9 


4.2 


1 


5 


1 


4.6 


tPZH 


OE 


Y 


1.1 


3.1 


4.6 


0.8 


5.7 


1.1 


5.1 


ns 


tpZL 


2.1 


4.1 


5.6 


1.2 


7.9 


2.1 


6.1 


tPHZ 


OE 


Y 


2-1 


4.1 


5.6 


1.2 


7.6 


2.1 


6.6 


ns 


tPLZ 


1.7 


3.7 


5.2 


1 


7.9 


1.7 


5.7 
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SN54ABT244, SN74ABT244 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS099D - D3655, JANUARY 1991 - REVISED JULY 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 £2 

— VW— 



500 ft 



7V 



SI/* o Open 



9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— y y — 

Input 1-5V^t A 1 " 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpzL — ►] k— 



! *PLZ -H H 



A / YOL+1.3V 



tPZH ->| ^~ 



| tPHZ -*\ i*- 



3 V s -' 
0V 

3.5 V 

vol 

V 0 H 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q., t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT245, SN74ABT245 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS081C - D3656, JANUARY 1991 - REVISED DECEMBER 1992 



State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic DIPs 



description 



SN54ABT245 . . . J PACKAGE 
SN74ABT245 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 




SN54ABT245 . . . FK PACKAGE 
(TOP VIEW) 



These octal bus transceivers are designed for 
asynchronous communication between data 
buses. The devices transmit data from the A bus 
to the B bus or from the B bus to the A bus 
depending upon the logic level at the 
direction-control (DIR) input. The output-enable 
(OE) input can be used to disable the device so the 
buses are effectively isolated. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vcc 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN74ABT245 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT245 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT245 is characterized for operation from -40°C to 85°C. 




FUNCTION TABLE 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 



EPIC-HB is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. — Copyright© 1992, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments jm ^_ 

standard warranty. Production processing does not necessarily include Trv A O 

testing of all parameters. I r^X/X^ 
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SN54ABT245, SN74ABT245 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS081C - D3656, JANUARY 1991 - REVISED DECEMBER 1992 



logic symbolt 



QE 
DIR 



A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 



19 



1 








— < 




2 












3 






4 


— 4 ► 


5 






4 ► 


6 


4 ► 


7 




8 


— 4 ► 


9 


4 ► 



G3 

3EN1[BA] 
3EN2[AB] 



V 1 



2V 



18 



17 



16 



15 



14 



13 



12 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



logic diagram (positive logic) 



B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 



DIR 




A1 f- 




19 



18 



OE 



B1 



To 7 Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, V<x ■ ■ ■ ■ • -°- 5 V t0 7 v 

Input voltage range, Vj (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT245 96 mA 

SN74ABT245 128 mA 

Input clamp current, Iik (V| < 0) ■ ■ ■ ■ ■ -18 mA 

Output clamp current, Iqk ( v O < °) ■ • • ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package — 0.65 W 

DW package . 0.85 W 

N package 1.3 W 

Storage temperature range — -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT245, SN74ABT245 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS081C - D3656, JANUARY 1991 - REVISED DECEMBER 1992 



recommended operating conditions (see Note 2) 







SN54ABT245 


SN74ABT245 


UNIT 






MIN 


MAX 


MIN 


MAX 




Vrr 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 
rHnAHIC 1 Cn 


TEST CONDITIONS 


T A = 25°C 


SN54ABT245 


SN74ABT245 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C C = 4.5 V, l|=-18mA 


-1 .2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5 V, l 0 H=-3rnA 


2.5 


2.5 


2.5 


V 


VcC = 5V, l 0 H = -3mA 


3 


3 


3x 


Vcc = 4.5 V, Iqh = - 24 mA 


2 


2 




Vcc = 4-5 V, loH = - 32 mA 


2t 




2 


vol 


Vcc = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vqc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5.5 V, 
V| = Vcc o r G ND 


Control inputs 


±1 


±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


IOZH§ 


V C C = 5.5 V, V 0 = 2.7V 


10H 


1011 


1011 


uA 


'OZL § 


V C C = 5.5 V, Vo = 0.5V 


-10H 


-10H 


-10H 


uA 


'off 


Vcc = °. v | or Vq < 4.5 V 


±100 




±100 


uA 


'CEX 


V C C = 5-5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


uA 


io # 


VCC = 5.5 V, Vq = 2.5 V 


-50 -140 -180 


-50 -180 


-50 -180 


mA 


'CC 


VCC = 5.5 V, 

io = o, 

V| = Vcc or GND 


A or B ports 


Outputs high 


5 250 


250 


250 


uA 


Outputs low 


22 30 


30 


30 


mA 


Outputs disabled 


1 250 


250 


250 


HA 


Alec" 


V C C = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


50 


50 


50 


uA 


Control inputs 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


4 






pF 


Cjo 


Vq = 2.5 V or 0.5 V 


A or B ports 


8 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters IqzH ancI 'OZL include the input leakage current. 
H This data sheet limit may vary among suppliers. 

# Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
" This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT245, SN74ABT245 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS081C- D3656, JANUARY 1991 - REVISED DECEMBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT245 


SN74ABT245 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


AorB 


Bor A 


1 


2.6 


4.1 


1 


4.8 


1 


4.6 


ns 


tPHL 


1 


2.9 


4.2 


1 


4.8 


1 


4.6 


tpZH 


OE 


AorB 


1.3 


3.3 


4.8 


1 


5.9 


1.3 


5.3 


ns 


tPZL 


2.3 


4.3 


5.8 


2 


7.5 


2.3 


6.3 


tpHZ 


OE 


AorB 


1.7t 


4.7 


6.2 


1.7 


7.4 


1.7T 


7.2 


ns 


tPLZ 


1.7T 


4.3 


5.8 


1.7 


6.5 


1.7t 


6.3 



t This data sheet limit may vary among suppliers. 
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SN54ABT245, SN74ABT245 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS081C - D3656, JANUARY 1991 - REVISED DECEMBER 1992 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 a 

-AA/V— 



500 Q 



S1, 



O Open 
Q GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— y v — 

Input 1-5Vit A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



th 



") (l. 5 V 



3V 
OV 



3V 
OV 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



3V 
OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpzL-*i k- I 

! tpLZ -*j U- 

\«v V 

\ [ / VOL.* ;£.3V 

i tPHz -*\ k- 

j_ 



3V 
OV 

3.5 V 

vol 



tpZH |4- 

L 



- OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT273, SN74ABT273 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLEAR 

D3769, FEBRUARY 1991 -REVISED DECEMBER 1992 



• State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

• High-Drive Outputs (-32-mA Iqh> 
64-mAlQL) 

• Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 

description 

The 'ABT273 is an 8-bit positive edge -triggered 
D-type flip-flop with a direct clear (CLR) input. It is 
particularly suitable for implementing buffer and 
storage registers, shift registers, and pattern 
generators. 

Information at the data (D) inputs meeting the 
setup time requirements is transferred to the Q 
outputs on the positive-going edge of the clock 
pulse. Clock triggering occurs at a particular 
voltage level and is not directly related to the 
transition time of the positive-going pulse. When 
the clock (CLK) input is at either the high or low 
level, the D-input signal has no effect at the output. 



SN54ABT273 ... J PACKAGE 
SN74ABT273 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 




SN54ABT273 . . . FK PACKAGE 
(TOP VIEW) 




O Q * O Q 
z m ^ 

O ° 



The SN74ABT273 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT273 is characterized for operation over the full military temperature range of-55°C to 125°C. The 
SN74ABT273 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 


CLR 


CLK 


D 


Q 


L 


X 


X 


L 


H 


T 


H 


H 


H 


t 


L 


L 


H 


L 


X 


Qo 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION — Copyright © 1992, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to _ 

specifications per the terms of Texas Instruments standard warranty. vf*4P Tfcv A O 

Production processing does not necessarily include testing of all \j I r.XA> 
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SN54ABT273, SN74ABT273 

OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLEAR 

D3769, FEBRUARY 1991 -REVISED DECEMBER 1992 



logic symbolt 



CLR 
CLK 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 



11 



C1 



3 


1D 


2 


4 


5 




7 


6 




8 


9 




13 




12 




14 




15 




17 




16 




18 


19 











1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
7Q 
8Q 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

logic diagram (positive logic) 



1D 



2D 



3D 



4D 



5D 



6D 



CLK(I) 



CLR 



1D 

>C1 
R 



Hid 

>C1 
R 



1D 

>C1 
R 



- 1D 
>C1 
R 



13 



1D 

>C1 
R 



14 



-J1D 
>C1 
R 



7D 



8D 



12 



17 



1D 

>C1 
R 



15 



18 



— |1D 
>C1 
R 



16 



19 



1Q 



2Q 



3Q 



4Q 



5Q 



6Q 



7Q 



8Q 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqq -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) . . . . -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT273 96 mA 

SN74ABT273 128 mA 

Input clamp current, l|K ( v l < 0) ■ ■ ■ — ....... -18 mA 

Output clamp current, Iqk ( v 0 < 0) -50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

N package 1.3 W 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT273, SN74ABT273 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLEAR 

D3769, FEBRUARY 1991 -REVISED DECEMBER 1992 



recommended operating conditions (see Note 2) 







SN54ABT273 


SN74ABT273 


UNIT 






MIN 


MAX 


MIN 


MAX 


V CC 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V| 


Input voltage 


0 s 


Vcc 


0 


vcc 


V 


'OH 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 


— .,y' 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


— cf — 

# 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT273 


SN74ABT273 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


VcC = 4.5V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4 5 V, lOH = - 3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = -3 mA 


3 


3 


3 


Vcc = 4 5 V lOH = -24 mA 


2 


2 




Vcc = 4 -5V, Iqh = -32 mA 


2* 




2 


vol 


Vcc = 4 -5V, loL = 4 8mA 


0.55 


.#55 




V 


Vcc = 4 5 V, lOL = 6 4 mA 


0.55* 




0.55 


"i 


Vcc = 5.5 V, V| = Vcc or GND 


±1 


±1 


±1 


uA 


'off 


Vcc = 0. V|orV 0 < 4 .5V 


±100 




±100 


HA 


'CEX 


V C C = 5.5 V, V 0 = 5.5V 


Outputs high 


50 


50 


50 


uA 


io § 


V C C = 5-5 V, Vq = 2.5 V 


-50 -100 -200H 


-50 -200H 


-50 -200H 


mA 


>CC 


V C C = 5-5 V, Iq = 0 
V| = V C C or GND 


Outputs high 


1 400H 


400H 


400H 


jiA 


Outputs low 


24 30 


30 


30 


mA 


AlcC # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Ci 


V| = 2.5 V or 0.5 V 


7 






pF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This data sheet limit may vary among suppliers. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



product preview information concerns products in tne formative or m 

design phase of development. Characteristic data and other ^bJH 

specifications are design goals. Texas Instruments reserves the right to wVW HFc* V AC 

change or discontinue these products without notice. \f I r.X Aw^ 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-39 



SN54ABT273, SN74ABT273 

OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLEAR 

D3769, FEBRUARY 1991 -REVISED DECEMBER 1992 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 





Vcc = 5 V, 
T A = 25°C 


SN54ABT273 


SN74ABT273 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 150 


0 160 


0 150 


MHz 


t w Pulse duration 


CLK high or low 


3.3 


3.3 


3.3 


ns 


CLR low 


3.3 


3.3 


3.3 


tsu Setup time before CLKt , 


Data high 


2 


2 


2 


ns 


Data low 


'2.5 


2.5 


2.5 


CLR high 


2 


2 


2 


t n Hold time after CLKt 


Data high or low 


1.2T 


1.2t 


1.2t 


ns 



t This data sheet limit may vary among suppliers. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABT273 


SN74ABT273 


UNIT 




MIN TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 






0 


150 


0 


„150 


0 


150 


MHz 


tPLH 


CLK 


Q 


2.5 


6 


2.5 6.8 


2.5 


6.5 


ns 


tPHL 


3.3 


6.8 


3.3 


7 


3.3 


7.3 


tPHL 


CLR 


Q 


2.5 


6.7T 


2.5 


7.6 


2.5 


7.4t 


ns 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
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design phase of development. Characteristic data and other mWt% 

specifications are design goals. Texas Instruments reserves the right to TVr^A A O 

change or discontinue these products without notice. \f I r*. X 



SN54ABT273, SN74ABT273 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLEAR 

D3769, FEBRUARY 1991 -REVISED DECEMBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output ^ 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 

-AA/V- 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLHfiPHL 
tPLZ'tPZL 
tPHZ'tpZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



0V 



Timing Input 



Data Input 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



Xi. 5 v o 



3V 
V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



225 ZJtEEJfcE. 



tpZL ->| k- 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



I 



tpLZ -*j 



\ 5V | y vQL + Q-: 



I | tPHZ ~+\ 
tpZH -►! |4- 



3V 
0V 

3.5 V 

vol 



1.5 V 



« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. Ci_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq - 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT373, SN74ABT373 
OCTAL TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

SCBS155 - D3661, JANUARY 1991 - REVISED JULY 1993 



State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA Iqh» 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic DIPs 



SN54ABT373 ... J PACKAGE 
SN74ABT373 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 



oir 


u 

1 


20 


J V CC 


1Q[ 


2 


19 


]8Q 


1D[ 


3 


18 


]8D 


2D[ 


4 


17 


]7D 


2Q[ 


5 


16 


]7Q 


3Q[ 


6 


15 


]6Q 


3D[ 




14 


]6D 


4D[ 


8 


13 


]5D 


4Q[ 


9 


12 


]5Q 


GND [ 


10 


11 


]LE 



description 



SN54ABT373 . . . FK PACKAGE 
(TOP VIEW) 

Q Ol^ 8 O 
i- r-IO> co 




The eight latches of the 'ABT373 are transparent 
D-type latches. While the latch-enable (LE) input 
is high, the Q outputs will follow the data (D) inputs. 
When the latch enable is taken low, the Q outputs 
are latched at the logic levels set up at the D 
inputs. 

A buffered output-enable (OE) input can be used 
to place the eight outputs in either a normal logic 
state (high or low logic levels) or a 
high-impedance state. In the high-impedance 
state, the outputs neither load nor drive the bus 
lines significantly. The high-impedance state and 
increased drive provide the capability to drive bus 
lines without need for interface or pullup 
components. 

The output-enable (OE) input does not affect the internal operations of the latches. Old data can be retained 
or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT373 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT373 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT373 is characterized for operation from -40°C to 85°C. 



O Q iu O Q 
z — ' to 10 



FUNCTION TABLE 
(each latch) 



INPUTS 


OUTPUT 
Q 


OE 


LE 


D 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


z 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. — Copyright © 1993, Texas Instruments Incorporated 

" ' ' Texas Instruments &*m ^ 

testing of all parameters. _ THEXAS 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
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SN54ABT373, SN74ABT373 

OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS1 55 - D3661 , JANUARY 1 991 - REVISED JULY 1 993 



logic symbolt 



OE 
LE 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 



1 IN 


EN 
C1 

I— -J 


2 


11 


3 


1D V 


4 


5 




7 


6 




8 


9 




13 


12 




14 


15 




17 


16 




18 


19 









logic diagram (positive logic) 

o — 



OE 



1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
7Q 
8Q 



LE 



1D 



C1 
1D 



1Q 



To Seven Other Channels 



t This symbol is in accordance with ANSI/I EEE Std 91 -1 984 
and I EC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT373 96 mA 

SN74ABT373 128mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■■■ — -50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

N package 1.3 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT373, SN74ABT373 
OCTAL TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

SCBS1 55 - D3661 , JANUARY 1 991 - REVISED JULY 1 993 



recommended operating conditions (see Note 2) 







SN54ABT373 


SN74ABT373 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage,. 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT373 


SN74ABT373 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4 - 5V , l| = -18 mA 


-1 .2 


-1.2 


-1.2 


V 


V 0 H 


Vcc = 4.5 V, IOH = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, lOH = "3 mA 


3 


3 


3 


Vcc = 4 -5V, lOH =~24 mA 


2 


2 




Vcc = 4.5 V, IOH = "32mA 


2t 




2 


vql 


Vcc = 45 V, loL = 48mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iol = 64 mA 


0.55* 




0.55 


ii 


Vcc = 5.5 V, V| = VccorGND 


±1 


±1 


±1 


|XA 


lOZH 


Vcc = 5.5 V, Vo = 2.7 V 


10§ 


10§ 


10§ 




'OZL 


Vcc = 5.5 V, Vo = 0.5 V 


-10§ 


-10§ 


-10§ 


|xA 


'off 


Vcc = 0. V|orVQ<4.5V 


±100 




±100 




'CEX 


Vcc = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


jiA 




VCC = 5 5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


Vcc = 5.5 V, »O = 0> 
V| - Vcc or GND 


Outputs high 


1 250 


250 


250 


^A 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


HA 


Alec* 


Vcc = 5 5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


3 






PF 


Co 


Vq = 2.5 V or 0.5 V 


6 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ This data sheet limit may vary among suppliers. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT373, SN74ABT373 

OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS155- D3661, JANUARY 1991 - REVISED JULY 1993 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 









V C C = 5V, 
T A = 25°C 


SN54ABT373 


SN74ABT373 


UNIT 








MIN MAX 


MIN MAX 


MIN MAX 






Pulse duration, LE high 




3.3 


3.3 


3.3 


ns 


tsu 


Setup time, data before LEl 


High 


1.9 


2.5 


1.9 


ns 


Low 


1.5 


2.5 


1.5 


*h 


Hold time, data after LEl 


High or low 


1 


2.5 


1 


ns 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT373 


SN74ABT373 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


D 


Q 


1.9 


3.9 


5.4 


1.3 


6.8 


1.9 


5.9 


ns 


tPHL 


2.2 


4.2 


5.7 


2 


7 


2.2 


6.2 


tPLH 


LE 


Q 


2.6 


4.6 


6.1 


1.8 


7.7 


2.6 


6.6 


ns 


tPHL 


3.2 


5.2 


6.7 


2.5 


7.7 


3.2 


7.2 


tpZH 


OE 


Q 


1.2 


3.2 


4.7 


1 


6.2 


1.2 


5.2 


ns 


tpZL 


2.7 


4.7 


6.2 


1.5 


7.2 


2.7 


6.7 


tPHZ 


OE 


Q 


2.5 


4.9 


6.4 


2.4 


8 


2.5 


6.9 


ns 


tPLZ 


2 


4.5 


6 


2 


7 


2 


6.5 
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SN54ABT373, SN74ABT373 
OCTAL TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

SCBS1 55 - D3661 , JANUARY 1 991 - REVISED JULY 1 993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 & 

-AAA/ — 



500 Q 



7V 



S1 



*yf O Open 
Q GND 



TEST 


S1 


tPLHflPHL 
tPLZflpZL 
tPHZ^ZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



3V 
0V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



~) ( 15V ¥ ^ 



3 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL 



tpZH 



" \ 15V j y VOL + 0-3V 



|tp H Z-^ j«- 



3V 
OV 

3.5 V 

vol 



OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 



^5? Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-47 



2-48 



SN54ABT374, SN74ABT374 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

SCBS111C - D3770, FEBRUARY 1991 - REVISED JULY 1993 



State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical V 0 |_p (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA Iqhj 
64-mA I 0 l) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic DIPs 



SN54ABT374 ... J PACKAGE 
SN74ABT374 ... DB, DW, OR N PACKAGE 
(TOP VIEW) 



oe r 


u 

1 


20 


J v cc 


1Q[ 


2 


19 


]8Q 


1D[ 


3 


18 


]8D 


2D[ 


4 


17 


]7D 


2Q[ 


5 


16 


]7Q 


3Q[ 


6 


15 


]6Q 


3D[ 




14 


]6D 


4D[ 


8 


13 


]5D 


4Q[ 


9 


12 


]5Q 


GND [ 


10 


11 


]CLK 



description 



SN54ABT374 . . . FK PACKAGE 
(TOP VIEW) 

Q Cf|W 8 O 
t- i- IO > co 




These 8-bit flip-flops feature 3-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing buffer 
registers, I/O ports, bidirectional bus drivers, and 
working registers. 

The eight flip-flops of the 'ABT374 are 
edge-triggered D-type flip-flops. On the positive 
transition of the clock (CLK) input, the Q outputs 
are set to the logic levels that were set up at the 
data (D) inputs. 

A buffered output-enable (OE) input can be used 
to place the eight outputs in either a normal logic 
state (high or low) or a high-impedance state. In 
the high-impedance state, the outputs neither load nor drive the bus lines significantly. The high-impedance 
state and the increased drive provide the capability to drive bus lines without need for interface or pullup 
components. The output-enable (OE) input does not affect internal operations of the latch. Old data can be 
retained or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT374 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT374 is characterized for operation over the full military temperature range of-55°C to 1 25°C. The 
SN74ABT374 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 
Q 


OE 


CLK 


D 


L 


t 


H 


H 


L 


t 


L 


L 


L 


HorL 


X 


Qo 


H 


X 


X 


z 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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SN54ABT374, SN74ABT374 

OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS1 1 1 C - D3770, FEBRUARY 1 991 - REVISED JULY 1 993 



logic symbolt 



OE 
CLK 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 



1 rN 


EN 

> C1 

h r 


2 


11 


3 


1D V 


4 


5 




7 


6 




8 


9 




13 


12 




14 




15 




17 




16 




18 




19 











logic diagram (positive logic) 



OE 



CLK 



1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
7Q 
8Q 



1D- 



>C1 
1D 



1Q 



To Seven Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqq -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q\ SN54ABT374 96 mA 

SN74ABT374 128 mA 

Input clamp current, Iik ( v I < °) — — -1 8 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Maximum power dissipation at = 55°C (in still air): DB package . 0.65 W 

DW package 0.85 W 

N package 1.3 W 

Storage temperature range -65°Cto150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT374, SN74ABT374 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

SCBS111C- D3770, FEBRUARY 1991 - REVISED JULY 1993 



recommended operating conditions (see Note 2) 







SN54ABT374 


SN74ABT374 


UNIT 






MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT374 


SN74ABT374 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C c = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1 .2 


V 


V OH 


Vqc = 4.5 V, lOH = - 3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, l 0 H = -3mA 


3 


3 


3 


Vcc = 4.5 V, Iqh = -24 mA 


2 


2 




Vcc = 4.5 V, IOH=-32mA 


2t 




2 


vol 


VCC = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5-5 V, V| = V C C or GND 


±1 


±1 


±1 


ma 


'OZH 


V C C = 5-5 V, V 0 = 2.7 V 


10§ 


10§ 


10§ 


|iA 


'OZL 


V C c = 5.5 V, V 0 = 0.5 V 


-10§ 


-10§ 


-10§ 


^lA 


'off 


Vcc = 0. v | or Vq < 4.5 V 


±100 




±100 


uA 


'CEX 


Vcc = 5-5 V, V 0 = 5.5 V Outputs high 


50 


50 


50 


uA 




V C C = 5-5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C c = 5.5 V, l 0 = 0, 
V| - Vcc or GND 


Outputs high 


250 


250 


250 


LiA 


Outputs low 


30 


30 


30 


mA 


Outputs disabled 


250 


250 


250 


uA 


Alec* 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc ° r GND 


1.5 


1.5 


i.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


2.5 






PF 


Co 


V 0 = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ This data sheet limit may vary among suppliers. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT374, SN74ABT374 

OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS111C-D3770, FEBRUARY 1991 - REVISED JULY 1 993 ■ 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5 V, 
T A = 25°C 


SN54ABT374 


SN74ABT374 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 150 


0 150 


0 150 


MHz 


t w Pulse duration 


CLK high or low 


3.3 


3.3 


3.3 


ns 


t su Setup time before CLKt 


Data high 


1 


2.5 


1 


ns 


Data low 


1.9t 


2.5 


1.9t 


th Hold time after CLKt 


Data high or low 


1.6t 


2.5 


1.6t 


ns 



t This data sheet limit may vary among suppliers. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 1 ) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT374 


SN74ABT374 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 






150 


200 




150 


150 


MHz 


tPLH 


CLK 


Q 


2.2 


4.2 


5.7 


1.8 


6.6 


2.2 


6.2 


ns 


tPHL 


3.1 


5.1 


6.6 


2.6 


7.6 


3.1 


7.1 


tPZH 


OE 


Q 


1.2 


3.2 


4.7 


0.8 


5.7 


1.2 


5.2 


ns 


*PZL 


2.7 


4-7 


6.2 


1.5 


7.2 


2.7 


6.7 


tPHZ 


OE 


Q 


2.5 


4.5 


6 


1.3 


7.2 


2.5 


6.5 


ns 


tPLZ 


2 


4.5 


6 


1 


7 


2 


6.5 
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SN54ABT374, SN74ABT374 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

SCBS111C-D3770, FEBRUARY 1991 - REVISED JULY 1993 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 n 

—AAA/ — 



500 Q 



7V 



S1 



A f O open 
9 GND 



TEST 


S1 


tPLH^PHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7 V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



Input 
(see Note B) 



Output 



Output 



3 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL 



> 5v ) p 



I 

tPLZ -M 



A / YPL + 0.3V 

i tpHz -*i k- 

tpZH -*| |4- ] 



3V 
0V 

3.5 V 

vol 



~ ^;Tw v oh 

0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT377, SN74ABT377 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLOCK ENABLE 

SCBS1 56A - D3771 , FEBRUARY 1 991 - REVISED JULY 1 993 



State-of-the-Art EPIC-11B™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA Iqh, 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic DIPs 



description 



The 'ABT377 is a 8-bit positive-edge-triggered 
D-type flip-flop with a clock (CLK) input. It is 
particularly suitable for implementing buffer and 
storage registers, shift registers, and pattern 
generators. 

Data (D) input information that meets the setup 
time requirements is transferred to the Q outputs 
on the positive-going e dge of th e clock pulse if the 
common clock-enable (CLKEN) input is low. Clock 
triggering occurs at a particular voltage level and 
is not directly related to the transition time of the 
positive-going pulse. When the buffered clock 
(CLK) input is at either the high or low level, the D 
input signal has no effect at the output. The circuits 
are designe d to p revent false clocking by 
transitions at CLKEN. 



SN54ABT377 ...J PACKAGE 
SN74ABT377 ... DB, DW, OR N PACKAGE 
(TOP VIEW) 




SN54ABT377 . . . FK PACKAGE 
(TOP VIEW) 




O Q * O Q 
^- 2 -J io m 

O ° 



The SN74ABT377 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT377 is characterized for operation over the full military temperature rangeof-55°Cto 125°C. The 
SN74ABT377 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 


CLKEN 


CLK 


D 


Q 


H 


X 


X 


Qo 


L 


T 


H 


H 


L 


t 


L 


L 


X 


HorL 


X 


Qo 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



! publication date. — Copyright © 1993, Texas Instruments Incorporated 

Texas Instruments _J*f ^ 

necessarily include W# TVv A c 

of all parameters. lEX/VS 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
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SN54ABT377, SN74ABT377 

OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLOCK ENABLE 

SCBS1 56A - D3771 , FEBRUARY 1 991 - REVISED JULY 1 993 



logic symbolt 



CLKEN 
CLK 



1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 



1 


G1 

h r 


2 


11 


3 


2D 


A 


E 
O 




7 




6 




8 




9 




13 




12 




14 




15 




17 




16 




18 




19 









1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
7Q 
8Q 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

logic diagram (positive logic) 

11 




To Seven Other Channels 
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SN54ABT377, SN74ABT377 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLOCK ENABLE 

SCBS156A- D3771, FEBRUARY 1991 - REVISED JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc ■ V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT377 96 mA 

SN74ABT377 128 mA 

Input clamp current, Iik ( v i < 0) -18 mA 

Output clamp current, Iqk ( v o < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

N package 1 .3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT377 


SN74ABT377 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT377, SN74ABT377 

OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLOCK ENABLE 

SCBS156A- D3771 , FEBRUARY 1991 - REVISED JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



DAD A METED. 


1 CO 1 UUIMUI 1 lUNo 


T A = 25°C 


SN54ABT377 


SN74ABT377 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C C = 4.5 V, l|=-18mA 


-1 .2 


-1.2 


-1 -2 


V 


v OH 


VCC = 4 -5 V lOH = -3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, loH = ~3mA 


3 


3 


3 


VCC = 4-5V, IOH = -24mA 


2 


2 




Vcc = 4-5V, IOH = -32mA 


2t 




2 


vol 


V C c = 4.5 V, IOL = 48mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55+ 




0.55 


ii 


Vcc = 5.5 V, V| = Vcc o r GND 


±1 


±1 


±1 


uA 


'off 


Vcc = °. v | or Vq < 4.5 V 


±100 


±500 


±100 


uA 


'CEX 


V C C = 5.5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


- 50 


uA 


io § 


V C C = 5-5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5-5 V, l 0 = 0, 
V| = Vcc or GND 


Outputs high 


1 250 


250 


250 


uA 


Outputs low 


24 30 


30 


30 


mA 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 




V| = 2.5Vor 0.5 V 


3 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5 V, 
T A = 25°C 


SN54ABT377 


SN74ABT377 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 150 


0 150 


0 150 


MHz 


t w Pulse duration 


CLK high or low 


3.3 


3.3 


3.3 


ns 


tsu Setup time before CLKt 


Data high or low 


2 


2.5 


2 


ns 


CLKEN high or low 


3 


3 


3 


t n Hold time after CLKt 


Data high or low 


1.8# 


1.8# 


1.8# 


ns 


CLKEN high or low 


1.8 # 


1.8# 


1.8# 



# This data sheet limit may vary among suppliers. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT377 


SN74ABT377 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


f max 






150 


150 


150 


MHz 


tpLH 


CLK 


Q 


2.2 4.5 6 


2.2 7 


2.2 6.5 


ns 


tPHL 


3.1 5.3 6.8 


2 7.6 


3.1 7.3 
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SN54ABT377, SN74ABT377 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLOCK ENABLE 

SCBS1 56A - D3771 , FEBRUARY 1 991 - REVISED JULY 1 993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 Q 

-AAV- 



o 7V 
SI/" O Open 
? GND 



50012 



TEST 


S1 


tPLHflPHL 
tPUZ/tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



K i5v 



'PLH 



*PHL — H - 



tPHL 
1.5 V 

tPLH 
1.5 V 



3V 
0V 

VOH 

vol 

VOH 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL 



3V 
0V 



3.5 V 



!tPLz->| h- 

\l.5V 

\ j / y^ oay Vol 
i tPHz -*\ k- ' 

tpZH -*| ^- j 

>7^r^y-»"y V0H 



0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT533, SN74ABT533 
OCTAL TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

D3722, FEBRUARY 1991 - REVISED MARCH 1993 



• State-of-the-Art EPIC-IIB™ BiCMOS Design SN54ABT533 . . . j package 
Significantly Reduces Power Dissipation SN74ABT533 . . . db, dw, or n package 

3 1 r (TOP VIEW) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

• High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

• Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 

The 'ABT533 is an 8-bit transparent D-type latch 
with 3-state outputs designed specifically for 
driving highly capacitive or relatively low- 
impedance loads. It is particularly suitable for 
implementing buffer registers, I/O ports, bidirec- 
tional bus drivers, and working registers. 

When the latch-enable (LE) input is high, the Q 
outputs follow the complements ofjhe data (D) 
inputs. When LE is taken low, the Q outputs are 
latched at the inverse of the levels set up at the D 
inputs. The 'ABT533 provides inverted data at its 
outputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operations of the latch. Previously stored data can be 
retained or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqq through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT533 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT533 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT533 is characterized for operation from -40°C to 85°C. 




SN54ABT533 . . . FK PACKAGE 
(TOP VIEW) 



S'2lg> 8l 8 



h 3 2 1 20 19 rt „ 
2D ] 4 18[ 8D 



2Q ]5 
3Q ]6 
3D ]7 
4D ]8 



9 10 11 12 13 



17[ 7D 
16[ 7Q 
15[ 6Q 
14[ 6D 



IOQ LU IO Q 
z _i 'tn in 

O 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION B Copyright © 1993, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to 
if Tex 



specifications per the terms of Texas Instruments standard warranty. wVW Tt "V A O 

Production processing does not necessarily include testing of all if I r. X/\^ 
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SN54ABT533, SN74ABT533 

OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

D3722, FEBRUARY 1991 - REVISED MARCH 1993 



FUNCTION TABLE 
(each latch) 



INPUTS 


OUTPUT 
Q 


OE 


LE 


D 


L 


H 


H 


L 


L 


H 


L 


H 


L 


L 


X 


Qo 


H 


X 


X 


Z 



logic symbolt logic diagram (positive logic) 
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SN54ABT533, SN74ABT533 
OCTAL TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

D3722, FEBRUARY 1991 - REVISED MARCH 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT533 96 mA 

SN74ABT533 128 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk ( v o < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package — 0.85 W 

N package 1 .3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT533 


SN74ABT533 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


; 0.8 


0.8 


V 


V| 


Input voltage 


0 \ 


. vcc 


0 


vcc 


V 


'OH 


High-level output current 


"24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or mm ■ . 
design phase of development. Characteristic data and other 

specifications are design goals. Texas Instruments reserves the right to wVW TVv"A C 

change or discontinue these products without notice. \f I r.X AN 
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SN54ABT533, SN74ABT533 

OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

D3722, FEBRUARY 1991 -REVISED MARCH 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



DADAMPTPR 
rMrlMlvIC 1 Crt 


1 Co 1 IsVJrMUl 1 


T A = 25°C 


SN54ABT533 


SN74ABT533 


1 IKIIT 
UIHI 1 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C C = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


v OH 


V C C = 4-5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


\/ 

V 


Vcc = 5V, loH = -3mA 


3 


3 


3 


Vcc = 45 V, IOH = - 24 mA 


2 


2 




Vcc = 4.5 V, Ioh = -32 mA 


2* 




2 


vql 


Vcc = 4.5 V, IOL = 48mA 


0.55 


0.55 




v 


V C c = 4.5 V, IOL = 64mA 


0.55* 


A 


0.55 


ii 


V C c = 5 -5 V, V| = V C c or GND 


±1 


^ii 


±1 


uA 


'OZH 


Vcc = 5.5 V, V 0 = 2.7V 


10§ 


,\,10§ 


10§ 


uA 


'OZL 


V C C = 5-5 V, V 0 = 0.5 V 


-10§ 


;-l0§ 


-10§ 


^iA 


'off 


Vcc = 0. V|orVo<4.5V 


±150 




±150 


uA 


"CEX 


Vcc = 5-5 V, Vq = 5.5 V Outputs high 


50 


50 


50 


uA 




V C C = 5.5 V, V 0 = 2.5V 


-50 -140 -180 


^-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 'O = 0. 
V| - Vcc or GND 


Outputs high 


1 250 


250 


250 


*iA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 




A!cc # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


1.5 


1.5 


1.5 


Control inputs 


1.5 


1.5 


1.5 


q. 


V| = 2.5 V or 0.5 V 


3 






PF 


Go 


Vo = 2.5 V or 0.5 V 


9 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ This data sheet limit may vary among suppliers. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5V, 
T A = 25°C 


SN54ABT533 


SN74ABT533 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t w Pulse duration, LE high 


3.3 


3.3 N i 


3.3 


ns 


t su Setup time, data before LEl 


High or low 


2.1 




2.1 


ns 


th Hold time, data after LEi 


High or low 


1.5§ 




1.5§ 


ns 
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SN54ABT533, SN74ABT533 
OCTAL TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

D3722, FEBRUARY 1991 - REVISED MARCH 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC = 5V, 
T A = 25°C 


SN54ABT533 


SN74ABT533 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN MAX 




tpLH 


D 


Q 


1.9 


4.2 


5.4 


1.9 


6.7 


1.9 


6.4 


ns 


tPHL 


3.1 


4.9 


6.3 


3.1 


^.9 


3.1 


6.6 


tPLH 


LE 


Q 


2.7 


4.9 


6.2 


2.7 


"7.6 


2.7 


7.3 


ns 


tPHL 


3.5 


5.4 


6.8 


3.5 >: 


7.5 


3.5 


7.3 


tPZH 


OE 




1.6 


3.7 


4.8 


"KT 

w 


5.8 


1.6 


5.7 


ns 


tPZL 


Q 


2.4 


4.2 


6.2 




6.9 


2.4 


6.7 


tPHZ 


OE 


Q 


2.8 


5.1 


6.2 


— trl 

, 2.8 


7.2 


2.8 


6.9 


ns 


tPLZ 


2 


4.1 


6 


2 


6.9 


2 


6.5 
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SN54ABT533, SN74ABT533 

OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

D3722, FEBRUARY 1991 - REVISED MARCH 1993 



From Output ^ 

Under Test 

CL = 50pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

~ 7V 



500 Q 

-AAA/ — 



S1 



A / O Open 
9 GND 



500 Q 



TEST 


S1 


tPLH^PHL 
tPLZ/tPZL 
*PHZ/*PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0 V 



Timing Input 



Data Input 



*su 



4- 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



X isv )GL o 



3V 
V 



Input 
(see Note B) 



Output 



Output 



3 V 
0V 



tPLH — -*| 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL N- 



1 tPLz -*i |«- 



V I / VQL + 0.3V 

| tpHZ -+| W 



w V OH -0.3V 



3V 
OV 

3.5 V 

vol 

VOH 



= OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT534, SN74ABT534 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D3773, FEBRUARY 1991 - REVISED JULY 1993 



State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA I 0 h> 
64-mAlQL) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT534 ... J PACKAGE 
SN74ABT534 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 




description 



SN54ABT534 . . . FK PACKAGE 
(TOP VIEW) 

S'2lS> 8| g 



2D ] 4 
2Q ] 5 
3Q ]6 
3D ]7 
4D ]8 



3 2 1 20 19 



9 1011 12 13 

rnnnnrn 



8D 



18[ 
17[ 7D 
16[ 7Q 
15[ 6Q 
14[ 6D 



CD 



d 10 10 



The , ABT534 is an 8-bit flip-flop with 3-state 
outputs designed specifically for driving highly 
capacitive or relatively low-impedance loads. It is 
particularly suitable for implementing buffer 
registers, I/O ports, bidirectional bus drivers, and 
working registers. 

The eight flip-flops of the 'ABT534 are 
edge-triggered D-type flip-flops. On the positive 
transition of the clock, the Q outputs will be set to 
the complement of the logic levels that were set up 
at the data (D) inputs. The 'ABT534 provides 
inverted data at its outputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operations of the latch. Previously stored data can be 
retained or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT534 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT534 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT534 is characterized for operation from -40°C to 85°C. 
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SN54ABT534, SN74ABT534 

OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

D3773, FEBRUARY 1991 - REVISED JULY 1993 ' 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 
Q 


OE 


CLK 


D 


L 


t 


H 


L 


L 


t 


L 


H 


L 


HorL 


X 


Q 0 


H 


X 


X 


Z 



logic symbolt logic diagram (positive logic) 




Texas 
Instruments 

2-68 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT534, SN74ABT534 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D3773, FEBRUARY 1991 - REVISED JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT534 96 mA 

SN74ABT534 128 mA 

Input clamp current, Iik ( v i < 0) -18 mA 

Output clamp current, Iqk ( v O < °) - 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

N package 1 .3 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 





SN54ABT534 


SN74ABT534 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


4.5 5.5 


4.5 5.5 


V 


Vm High-level input voltage 


* M/ 


2 


V 


V||_ Low-level input voltage 


#1 


0.8 


V 


V| Input voltage 


0 4fV CC 


0 V C C 


V 


'OH High-level output current 


*c — rr 

P -24 


-32 


mA 


lOL Low-level output current 




64 


mA 


At /Av Input transition rise or fall rate Outputs enabled 


£ - 


5 


ns/V 


Ta Operating free-air temperature 


-55 125 


-40 85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT534, SN74ABT534 

OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

D3773, FEBRUARY 1991 - REVISED JULY 1993 , 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T/^ = 25°C 


SN54ABT534 

wrWrnil 1 wwt 


SN74ABT534 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 




_ 4 5 y, || = -1 8 mA 


-1.2 


-1.2 


-1 .2 


V 


VOH 


Vrr = 4 5 V Inu = —3 mA 


2.5 


• 2.5 


2.5 


V 


Vrr = 5 V Inu = -3 mA 


3 


3 


3 


Vcc = 4 5 V, lOH = ~24 mA 


2 


2 




Vcc = 4.5V, l 0 H = -32mA 


2* 




2 


vol 


Vcc = 4.5 V, IOL = 48mA 


0.55 


0.55 




V 


Vcc = 4 5 V, Iql = 64 mA 


0.55$ 




0.55 


'i 


V C C = 5.5 V, V| = V C COrGND 


±1 


i1 


+1 


uA 


'OZH 


Vcc = 55 V, Vq = 2.7V 


50 


'50 


50 




'OZL 


Vcc = 5.5 V, Vq = 0,5V 


-50 


-50 


-50 


\iA 


'off 


Vcc = 0- V|orVQ<4.5V 


±1 00 




±100 


\iA 


'CEX 


Vcc = 5.5 V, Vq = 5.5V 


Outputs high 


OU 




OU 


ii A 


io § 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -140 -20011 


-50 -20011 


-50 -200H 


mA 


'cc 


V C c = 5.5 V, '0 = 0, 
V| - Vcc o r G ND 


Outputs high 


1 250 


250 


250 




Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


|iA 


Alcc # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


3 






pF 


Co 


Vq = 2.5 V or 0.5 V 


8 






PF 



t All typical values are at Vcc = 5 v - 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This data sheet limit may vary among suppliers. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5V, 
T A = 25°C 


SN54ABT534 


SN74ABT534 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


125 


> 125 


125 


MHz 


t w Pulse duration 


CLK high or low 


3.5 


3.5 


3.5 


ns 


t su Setup time, data before CLKt 


High or low 


1.6 


1.6 


1.6 


ns 


th Hold time, data after CLKT 


High or low 


1.611 


1.6H 


1.611 


ns 
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SN54ABT534, SN74ABT534 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D3773, FEBRUARY 1991 - REVISED JULY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C\_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABT534 


SN74ABT534 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f max 






125 


175 




125 t ? 


125 


MHz 


tPLH 


CLK 


Q 


2.6 


4.5 


6.1T 


2.6 


7 


2.6 


6.7 


ns 


tPHL 


3.4 


5.5 


6.7 


3.4 . 


v 7.9 


3.4 


7.6 


IPZH 


OE 


Q 


1 


3.4 


5.2T 


t 


5.8 


1 


5.6T 


ns 


tPZL 


2.6 


4 


5.8 




7 


2.6 


6.8 


tPHZ 


OE 


Q 


2.4 


4.7 


6.6 


V-2.4 


7.6 


2.4 


7.3 


ns 


tPLZ 


2.3 


3.8 


5.8 


N 2.3 


6.8 


2.3 


6.5 



t This data sheet limit may vary among suppliers. 
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SN54ABT534, SN74ABT534 

OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 



D3773, FEBRUARY 1991 - REVISED JULY 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 



500 Q 



S1, 



O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
OV 



Input 
(see Note B) 



Output 



Output 



3V 
OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
Stat Open 
(see Note C) 



tpZL->| 



tPZH 



\ijiv ! / — 

I tPHZ~*l l f~ 



3 V 



L 



VQH-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C\_ includes probe and jig capacitance. 

B: All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT540, SN74ABT540 
OCTALS BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3774, FEBRUARY 1991 - REVISED OCTOBER 1992 



State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
<1 VatV C c = 5V,T A = 25 0 C 
High-Drive Outputs (-32-mA \ 0H , 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



SN54ABT540 ... J PACKAGE 
SN74ABT540 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 



OE1 [ 


u 

1 


20 


J V CC 


A1[ 


2 


19 


]OE2 


A2[ 


3 


18 


]Y1 


A3[ 


4 


17 


] Y2 


A4[ 


5 


16 


] Y3 


A5[ 


6 


15 


] Y4 


A6[ 




14 


]Y5 


A7[ 


8 


13 


] Y6 


A8[ 


9 


12 


]Y7 


GND [ 


10 


11 


] Y8 



SN54ABT540 . . . FK PACKAGE 
(TOP VIEW) 



CM LU g UJ 

L-JLJLJLJLJ 

3 2 1 20 19 



A3 ] 4 
A4 ] 5 
A5 ]6 
A6 ]7 
A7 ]8 



9 10 11 12 13 



18[ Y1 
17[ Y2 
16[ Y3 
15[ Y4 
14[ Y5 



oo Q 

< z 

O 



CO CD 

> > > 



The 'ABT540 octal buffers and line drivers are 
ideal for driving bus lines or buffer memory 
address registers. The device features inputs and 
outputs on opposite sides of the package that 
facilitate printed-circuit-board layout. 

The 3-state control gate is a 2-input AND gate with 
active -lo w inp uts so that if either output-enable 
(OE1 or OE2) input is high, all corresponding 
outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT540 is available in TVs shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT540 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT540 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


OUTPUT 


OE1 


OE2 


A 


Y 


L 


L 


L 


H 


L 


L 


H 


L 


H 


X 


X 


Z 


X 


H 


X 


z 
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SN54ABT540, SN74ABT540 
OCTALS BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3774, FEBRUARY 19^1 - REVISED OCTOBER 1992 



logic symbolt 



OE1 
OE2 

A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 



1 


& 


EN 


19 IS 









2 


1 V 




3 






4 




16 




5 


15 




6 


14 




7 




13 




8 


12 




9 


11 











Y1 
Y2 
Y3 
Y4 
V5 
Y6 
Y7 
Y8 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 



logic diagram (positive logic) 

' 1D- 



OE1 



A1 



OE2 CL 



Y1 



To Seven Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, Vcc ■ ■ ■ ■ ■ ■ ■ V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT540 96 mA 

SN74ABT540 128 mA 

Input clamp current, I|k(V| < 0) -18 mA 

Output clamp current, Iqk (Vq < 0) ■ ■ • ' -50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

N package 1.3W 

Storage temperature range -65°C to 150°C 



$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT540 


SN74ABT540 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V| L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 




5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT540, SN74ABT540 
OCTALS BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3774, FEBRUARY 1991 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Tj\ = 25°C 


SN54ART540 


SN74ABT540 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V IK 


Vrv% - 4 5 v li=-18mA 


-1 .2 


-1 .2 


-1.2 


v 


VOH 


Vr>n - 4 5 V lou - - 3 mA 


2.5 


2.5 


2.5 


V 


Vr*n -IV Inu 3 mA 


3 


3 


3 


Vrr = 4 5 V Inw = - 24 mA 


2 


2 




Vrr = 4 5 V Inn = - 32 mA 


2* 




2 


vol 


Vcc = 4 5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55+ 




0.55 


ii 


Vcc = 5.5 V, V| = Vcc o r GND 


±1 


7*- 


±1 


uA 


'OZH 


Vcc = 5.5 V, Vo = 2.7 V 


50 


„y 50 


50 


uA 


•OZL 


Vcc = 5-5 V, Vq = 0.5 V 


-50 


r" -so 


-50 


uA 


'off 


Vcc = °. v | or Vo < 4.5 V 


±100 




, ±100 


,iA 


ICEX 


Vcc = 5.5 V, Vq = 5.5 V Outputs high 


50 


A\< 50 


50 


uA 


io § 


Vcc = 5.5 V, V 0 = 2.5 V 


-50 -100 -180 


/£_5() -180 


-50 -180 


mA 


'cc 


Vcc = 5.5 V, "O = 0, 
V| - Vcc or GND 


Outputs high 


1 250 


250 


250 


HA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


HA 


AlGC 11 


V C C = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


3 






PF 


Co 


Vq = 2.5 V or 0.5 V 


8 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
I This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT540 


SN74ABT540 


UNIT 




MIN 


TYP 


MAX 


MIN MAX 


MIN 


MAX 




tPLH 


A 


Y 


1 


2.9 


4.1 


1 


1 


4.8 


ns 


tPHL 


1.6 


3.1 


4.3 


1.6 ;^ 


1.6 


4.8 


tPZH 


OE 


Y 


1.2 


3.4 


4.9 


1.2/"- 


1.2 


5.9 


ns 


tPZL 


1.2 


3 


4.4 


1^ 


1.2 


5.1 


tPHZ 


OE 


Y 


3.1 


5.3 


6.5 


;3-i 


3.1 


7.3 


ns 


tPLZ 


2.5 


4.4 


5.7 


— *r< 

; 2.5 


2.5 


6.2 
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SN54ABT540, SN74ABT540 
OCTALS BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
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PARAMETER MEASUREMENT INFORMATION 



From Output ^_ 

Under Test 

C L = 50 pF 
(see Note A) 



500 £2 

-AA/V— 



500 LI 



7V 



SI/* o Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



t w - 



Input 1.5 }^ 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



— % 



1.5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



~1 < 15V 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPZL~^| 



! tpLz -i K 



\i.5v / — : 
i tPHz -n k- 

tpZH -*\ |4- 



VQH-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT541.SN74ABT541 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS093B - D3704, JANUARY 1991 - REVISED OCTOBER 1992 



State-of-the-Art EPIC-lIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA Iqh> 
64-mA l 0L ) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



SN54ABT541 ... J PACKAGE 
SN74ABT541 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 



OE1 [ 


u 

1 


20 


]v cc 


A1[ 


2 


19 


]OE2 


A2[ 


3 


18 


]Y1 


A3[ 


4 


17 


] Y2 


A4[ 


5 


16 


] Y3 


A5[ 


6 


15 


] Y4 


A6[ 




14 


]Y5 


A7[ 


8 


13 


] Y6 


A8[ 


9 


12 


] Y7 


.GND [ 


10 


11 


] Y8 



SN54ABT541 . . . FK PACKAGE 
(TOP VIEW) 

I" 1 " - ol<N 
OJ t— LU X LU 

< <lo :S?|o 

LJLJLJLJLJ 



A3 ] 4 
A4 ] 5 
A5 ] 6 
A6 ]7 
A7 ]8 



3 2 1 20 19 



9 10 11 12 13 



18[ Y1 
17[ Y2 
16[ Y3 
15[ Y4 
14[ Y5 



oo h» 
>- >- 



The 'ABT541 octal buffer and line driver is ideal for 
driving bus lines or buffering memory address 
registers. The device features inputs and outputs 
on opposite sides of the package to facilitate 
printed-circuit-board layout. 

The 3-state control gate is a 2-input AND gate with 
active -l ow in puts so that if either output-enable 
(OE1 or OE2) input is high, all eight outputs are in ® 
the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT541 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT541 is characterized for operation over the full military temperature range of-55°C to 125°C. The 
SN74ABT541 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


OUTPUT 


Oil 


OE2 


A 


Y 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


Z 


X 


H 


X 


z 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION « # Copyright © 1992, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to ill 

specifications per the terms of Texas Instruments standard warranty. *]V V A ^ 

Production processing does not necessarily include testing, of all \f I p.X A^ 



Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-77 



SN54ABT541, SN74ABT541 
OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS093B - D3704, JANUARY 1991 - REVISED OCTOBER 1992 



logic symbolt 



OE1 
OE2 



A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 



1 IN 


& 


EN 






— i 





logic diagram (positive logic) 

1 



OE1 
OE2 



2 


1 V 


18 


3 


17 




4 




16 




5 




15 




6 




14 




7 




13 




8 




12 




9 




11 











Y1 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 
Y8 



A1 



18 



Y1 



To Seven Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range , Vcc ■■■■■ ■ ■ •• ■ -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT541 96 mA 

SN74ABT541 128 mA 

Input clamp current, Ijk(V| < 0) . . .-18 mA 

Output clamp current, Iqk ( v 0 < °) ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

N package 1 .3 W 

Storage temperature range -65°C to 1 50°C 

$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device, these are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

recommended operating conditions (see Note 2) 







SN54ABT541 


SN74ABT541 


UNIT 






MIN MAX 


MIN MAX 


vcc 


Supply voltage 


4.5 5.5 


4.5 5.5 


V 


V|H 


High-level input voltage 


2 >y 


2 


V 


V|L 


Low-level input voltage 


,/€.8 


0.8 


V 


V| 


Input voltage 


o fv C c 


o v C c 


V 


'OH 


High-level output current 


•\ -24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


— - rs ' — 

5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 125 


-40 85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 




OlNO^MD I Oh I 




UNIT 


MIM TYPt MAY 
IVIIfM I Trl IVIMA 


MIM MAY 
IVIIfM IVIMA 


MIM MAY 
IVIIIN IVIMA 


V IK 


\lr^r^ — 4 K \/ Ii _ _1Q m A 
VQQ — *f.O V, l| — — I O m/A 


—1 2 


—1 2 


—1 2 


y 


V 0 H 


V CC ~ V ' 'OH - ^ mA 




c..O 


0 R 


V 


V CC ~ 3 v > 'OH - ^ mA 


Q 

o 


q 
o 


o 
O 


Vcc = 45 V, lOH = - 24 mA 


o 

c. 


2 




Vcc = 4.5 V, IOH=-32mA 






2 


vol 


Vcc = 4 5 V, lOL = 4 8 mA 


0.55 


0.55 




V 


Vcc = 4 5 V, lOL = 64 mA 


0 55-t 




0 55 


i, 
■i 


Vcc = 5.5 V, V| = Vcc or GND 


+-| 


+1 


+-\ 


ii A 
JAM 


'OZH 


Vcc = 5.5 V, Vq = 2.7 V 


RC\ 

ou 


ou 


ou 


ii A 


•OZL 


VCC = 5.5 V, Vq = 0.5 V 


—50 


—50 


— ou 


ii A 


■off 


Vcc = 0. V| or Vq < 4 -5 V 


+100 




IE 1 uu 


ii A 


*CEX 


Vcc = 5-5 V, V 0 = 5.5 V 


Outputs high 


ou 


ou 


ou 


ii A 
(XA 


ln§ 


V C C = 5.5 V, V 0 = 2.5 V 


-50 -140 -180 


-50 -180 


-50 -180 


mA 


ice 


V C C = 5.5 V, l 0 = 0, 
V| - Vcc or GND 


Outputs high 


5 250 


250 


250 




Outputs low 


22 30 


30 


30 


mA 


Outputs disabled 


1 250 


250 


250 


HA 


Alec 11 


V C C = 5.5 V, 

One input at 3.4 V, 

Other inputs at Vcc or GND 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


50 


50 


50 




Control inputs 


1,5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 Vor 0.5 V 


5 






pF 


Co 


Vq = 2.5 V or 0.5 V 


5 






pF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT541 


SN74ABT541 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


1 


2.6 


4 -1 


1 


4.6 


1 


4.6 


ns 


tPHL 


1 


2.9 


4.2 


1 


4.7 


1 


4.6 


tPZH 


OE 


Y 


1.1 


3.1 


4.8 


1.1 


5.4 


1.1 


5.3 


ns 


tPZL 


2.1 


4.4 


5.9 


2.1 


6.5 


2.1 


6.4 


tPHZ 


OE 


Y 


2.1 


5.1 


6.6 


,2.1 


7.1 


2.1 


7.1 


ns 


tPLZ 


1.7 


4.7 


6.2 


1.7 


6.7 


1.7 


6.7 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



50012 



500 Q 



O 



7V 



SI/" o Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZflpZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 



-t w - 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
SI at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPZL 



tpZH 



1.5 V 



A [ / vql + o. 

| *PHZ j*~ 

f~ i : 

/l.5V \ ^OH-°3V 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. .. * 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq ='50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT543, SN74ABT543 
OCTAL REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS157- D3662, JANUARY 1991 - REVISED DECEMBER 1992 



State-of-the-Art EP/C-IIS™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA I 0 h> 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



The 'ABT543 octal transceiver contains two sets 
of D-type latches for temporary storage of data 
f lowing in either direction. Separate lat ch-ena ble 
(LEAB or LEBA) and 'output-enable (OEAB or 
OEBA) inputs are provided for each register to 
permit independent control in either direction of 
data flow. 



SN54ABT543 . . . JT PACKAGE 
SN74ABT543 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



LEBAjl 1 U 24h v cc 



OEBA[ 2 
A1[ 3 
A2[ 4 
A3[ 5 
A4[ 6 
A5[ 7 
A6[ 8 
A7[ 9 

A8[ 10 

CEAB[ 11 
GND[ 12 



23]CEBA 
22 ] B1 
21 ] B2 
20 ] B3 
19 ] B4 
18 ] B5 
17 ] B6 
16 ] B7 
15 ] B8 
14 ] LEAB 
13 ] OEAB 



SN54ABT543 . . . FK PACKAGE 
(TOP VIEW) 



S> 8 



< 

CO 
LU 

o m 



A2 ] 5 
A3 ] 6 
A4 ] 7 
NC ] 8 
A5 ] 9 
A6 ] 10 
A7 ] 11 



4 3 2 1 28 27 26 



12 13 14 15 16 1718 



25 [ B2 
24 [ B3 
23 [ B4 
22 [ NC 
21 [ B5 
20 [ B6 
19[ B7 



CQ 


Q 


o 


CQ 


< 


Z 


z 


< 


LU 


o 




LU 


O 




O 



CQ 00 
< CQ 
LU 



NC - No internal connection 



The A-to-B enable (CEAB) input must be low in 
orde r to ent er data from A or t o output data from 
B. If CEAB is low and LEAB is low, the A-to-B 
latches are transp arent; a subsequent low-to-high 
transition of LEAB puts the A la tches in the storage 
mode. With CEAB and OEAB both low, the 3-state 
B outputs are active and reflect the data present 
at the output of the A latches. Data flow fr o m B to 
A is similar but requires using the CEBA, LEBA, 
and OEBA inputs. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT543 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT543 is characterized for operation over the full military temperature range of-55°C to 1 25°C. The 
SN74ABT543 is characterized for operation from -40°C to 85°C. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 
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SN54ABT543, SN74ABT543 

OCTAL REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS157 - D3662, JANUARY 1991 - REVISED DECEMBER 1992 



FUNCTION TABLET 



INPUTS 


OUTPUT 


CEAB 


LEAB 


OEAB 


A 


B 


H 


X 


X 


X 


Z 


X 


X 


H 


X 


z 


L * 


H 


L 


X 


Bo* 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 



t A-to-B data flow is shown; B-to-A flow co ntrol is the 
same except that it uses CEBA, LEBA, and OEBA. 

t Output level before the indicated steady-state input 
conditions were established. 



logic symbol§ 



OEBA 
CEBA 
LEBA 
OEAB 
CEAB 
LEAB 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 



23 



13 



14 



1EN3 

G1 

1C5 

2EN4 

G2 

2C6 



3 


73 1 5D 


22 


« ■ 


- — < — # 


6D 1 4V 


4 


21 




5 


20 




6 


19 




7 


18 




8 


17 




9 


16 




10 


15 









§This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 



B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 
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logic diagram (positive logic) 




A1 



C1 
1D 



▼ 



C1 
1D 



22 

< ► B1 



To Seven Other Channels 



Pin numbers shown are for the DB, DW, JT, and NT packages. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc -0-5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT543 96 mA 

SN74ABT543 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 







SN54ABT543 


SN74ABT543 








MIN MAX 


MIN MAX 


UNIT 


vcc 


Supply voltage 


4.5 5.5 


4.5 5.5 


V 


V|H 


High-level input voltage 


2 /*-' 


2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V| 


Input voltage 


o^vcc 


o v C c 


V 


'OH 


High-level output current 


C;' "24 


-32 


mA 


'OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


,,:r 5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 125 


-40 85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT543 


SN74ABT543 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


V 0H 


Vcc = 4.5 V, |qh = -3 mA 


2.5 


2.5 


2.5 


V 


VcC = 5V, l 0 H = -3mA 


3 


3 


3 


Vcc = 4-5 V, Iqh = -24 mA 


2 


2 




Vcc = 4.5 V, l0H = -32mA 


2* 




2 


vol 


VCC = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


h 


V CC = 5.5V, 
V| = Vcc o r GND 


Control inputs 


±1 







jiA 


A or B ports 


±100 


moo 


±100 


>OZH § 


Vcc = 5.5 V, Vo = 2.7V 


10H 




10H 


pA 


"OZL § 


Vcc = 5-5 V, V 0 = 0.5 V 


-10H 


</ -1011 


-ioH 


HA 


'off 


Vcc = °. V|orVQ<4.5V 


±100 


—p* : 

^ 


±100 




'CEX 


Vcc = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


MA 


l 0 # 


VCC = 5-5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o, 

V| = Vcc «> r G ND 


A or B ports 


Outputs high 


1 250 


250 


250 


^A 


Outputs low 


24 3411 


3411 


3411 


mA 


Outputs disabled 


0.5 250 


250 


250 


liA 


Alec" 


Vcc = 5-5V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


4 






pF 


Cj 0 


Vo = 2.5V or 0.5V 


A or B ports 


7 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does hot apply. 
§ The parameters Iozh ancl 'OZL include the input leakage current. 
H This data sheet limit may vary among suppliers. 

# Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
II This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5 V, 
Tfc = 25°C 


SN54ABT543 


SN74ABT543 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t w Pulse duration, LEAB or LEBA low 


3.5 


3.5 


3.5 


ns 


t su Setup time 


Data before LEAB or LEBAt 


High 


3.5 


3.5 


3.5 


ns 


Low 


3 


3 


3 




High 


3.5 


3.5 


3.5 


Data before CEAB or CEBAT 


Low 


3 




3 


t n Hold time 


Data after LEAB or LEBAt 


It 


It 


1T 


ns 


Data after CEAB or CEBAt 


1T 


It 


It 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT543 


SN74ABT543 


UNIT 




MIN 


TYP 


MAX 


MIN MAX 


MIN 


MAX 




tPLH 


A or B 


BorA 


1.9 


4.4 


5.9 


1.9 


1.9 


6.9 


ns 


tPHL 


1.9 


4.4 


5.9 


1.9 


1.9 


6.9 


tPLH 


LEBA or LEAB 


A or B 


1.6 


4.1 


5.6 


1.6 


1.6 


6.6 


ns 


tPHL 


2.1 


4.6 


6.1 


2.1 


2.1 


7.1 


tpZH 


OEBA or OEAB 


A or B 


1.4 


3.9 


5.4 


1-4 


1.4 


6.4 


ns 


tpZL 


2.5 


5 


6.5 


2.5 


2.5 


7.5 


tPHZ 


OEBA or OEAB 


A or B 


2.5T 


5.9 


7.4 


2,5t 


2.5T 


8.4 


ns 


tPLZ 


3 


5.5 


7 


3 


3 


8 


tpZH 


CEBAorCEAB 


A or B 


1.4 


3.9 


5.4 


1.4 


1.4 


6.4 


ns 


tpZL 


2.5 


5 


6.5 


2.5 


2.5 


7.5 


tPHZ 


CEBA or CEAB 


A or B 


3.2T 


5.9 


7.4 


3.2T 


3.2T 


8.4 


ns 


tPLZ 


3 


5.5 


7 


3 


3 


8 



t This data sheet limit may vary among suppliers. 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 £2 

— vw— 



500 O 



SI 



p 7V 
O Open 

9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 7^ 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



5V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



ZXEE3<Ei 



3V 
0V 



*PLH -j* *| 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



CoS X 15V ) ^ 



tpzL- 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



! tpLz -H 



A / VQL + 0.3V 



tPZH -►! 



| tPHZ ~+\ j«- 



VQH-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT544, SN74ABT544 
OCTAL REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

D3775, FEBRUARY 1991 - REVISED JULY 1993 



State-of-the-Art EPIC-I1B™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA Iqh> 
64-mA l 0L ) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



The 'ABT544 octal transceiver contains two sets 
of D-type latches for temporary storage of data 
f lowing in either direction. Separate lat ch-ena ble 
(LEAB or LEBA) and output-enable (OEAB or 
OEBA) inputs are provided for each register to 
permit independent control in either direction of 
data flow. 



SN54ABT544 . . . JT PACKAGE 
SN74ABT544 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



LEBA [|l U 24h v cc 
OEBA [ 2 23 ]CEBA 



A1[ 3 
A2[ 4 
A3[ 5 
A4[ 6 
A5[ 7 
A6[ 8 
A7[ 9 
A8[ 10 
CEAB[ 11 
GND[ 12 



22 ] B1 
21 ] B2 
20 ] B3 
19 ] B4 
18 ] B5 
17 ] B6 
16 ] B7 

15 ] B8 

14 ] LEAB 
13 ] OEAB 



SN54ABT544 . . . FK PACKAGE 
(TOP VIEW) 



So8 

-J z > 



< 

CO 

LU r- 
O CQ 



A2 ] 5 
A3 ] 6 
A4 ] 7 
NC ] 8 
A5 ] 9 
A6 ] 10 
A7 ] 11 



4 3 2 1 28 27 26 



12 13 14 15 16 1718 



25 [ B2 
24 [ B3 
23 [ B4 
22 [ NC 
21 [ B5 
20 [ B6 
19[ B7 



CQ 


Q 


o 


DQ 


< 


Z 


z 


< 


LU 


o 




LU 


o 




O 



CQ 00 
< CQ 
LU 



NC - No internal connection 



The A-to-B enable (CEAB) input must be low in 
orde r to ent er data from A or t o output data from 
B. If CEAB is low and LEAB is low, the A-to-B 
latches are transp arent; a subsequent low-to-high 
transition of LEAB puts the A la tches in the storage 
mode. With CEAB and OEAB both low, the 3-state 
B outputs are active and reflect the data present 
at the output of the A latches. Data flow fr o m B to 
A is similar but requires using the CEBA, LEBA, 
and OEBA inputs. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqq through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT544 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT544 is characterized for operation over the full military temperature range of-55°C to 1 25°C. The 
SN74ABT544 is characterized for operation from -40°C to 85°C. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 
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logic symbol§ 



FUNCTION TABLET 



INPUTS 


OUTPUT 


CEAB 


LEAB 


OEAB 


A 


B 


H 


X 


X 


X 


Z 


L 


X 


H 


X 


z 


L 


H 


L 


X 


B 0 * 


L 


L 


L 


L 


H 


L 


L 


L 


H 


L 



t A-to-B data flow is shown; B-to-A flow control is the 
same except that it uses CEBA, LEBA, and OEBA. 

t Output level before the indicated steady-state input 
conditions were established. 



OEBA 
CEBA 
LEBA 
OEAB 
CEAB 
LEAB 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 



JN 



23 



JN 



13 



11 



14 



1EN3 

G1 

1C5 

2EN4 

G2 

2C6 



3 . , 


V3 5D 


22 

<—+ 






6D 4 V 


4 


21 




5 




20 




6 




19 




7 




18 




8 




17 




9 




16 




10 


15 









B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 



§This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 
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logic diagram (positive logic) 




N v ' 

To Seven Other Channels 

Pin numbers shown are for the DB, DW, JT, and NT packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc ■ ■ • -0-5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT544 96 mA 

SN74ABT544 128 mA 

Input clamp current, l|K ( v l < 0) ■ ■ ■ • -18 mA 

Output clamp current, Iqk ( v 0 < °) ~ 50 mA 

Maximum power dissipation at 7^ = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 







SN54ABT544 


SN74ABT544 


1 IMIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


>OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT544 


SN74ABT544 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V, K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1 .2 


-1 .2 


V 


VOH 


Vcc = 45 V, Ioh =~ 3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, l 0 H=-3mA 


3 


3 


3 


Vcc = 4.5 V, loH = -24mA 


2 


2 




Vcc = 4.5 V, loH = - 32mA 


2t 




2 


vol 


Vcc = 4-5V, loL = 48mA 


0.55 


0.55 




V 


VCC = 4.5 V, loL = 64mA 


0.55* 




0.55 


ii 


V C C = 5.5 V, 
V| = VccorGND 


Control inputs 


±1 


±1 


±1 


I^A 


A or B ports 


+100 


±100 


±100 


'OZH § 


Vcc = 5.5 V, Vo = 2.7V 


50 


50 


50 


HA 


'OZL§ 


Vcc = 5.5 V, Vo = 0.5V 


-50 


-50 


-50 


|iA 


'off 


Vcc = °. v | or Vq < 4.5 V 


±100 




±100 


|LiA 


'CEX 


Vcc = 5 - 5 V Vo = 5.5 V Outputs high 


50 


50 


50 


[iA 




Vcc = 5.5 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


Vcc = 5.5 V, 
l O = 0, 

V| = Vcc or GND 


A or B ports 


Outputs high 


1 250 


250 


250 


liA 


Outputs low 


24 34 # 


34 # 


34 # 


mA 


Outputs disabled 


0.5 250 


250 


250 


|xA 


Alec" 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 




V| = 2.5 V or 0.5 V 


Control inputs 


4 






PF 


Cj 0 


Vq = 2.5 V or 0.5 V 


A or B ports 


7 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This data sheet limit may vary among suppliers. 

" This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT573, SN74ABT573 
OCTAL TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

D3663, JANUARY 1991 - REVISED JULY 1993 



State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard J ESD-1 7 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA \ 0H , 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT573 ... J PACKAGE 
SN74ABT573 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 




GND [ 



description 



SN54ABT573 . . . FK PACKAGE 
(TOP VIEW) 

Q Q|W O 

CM i- IO > i- 




Q Q LU O O 
00 Z J 00 N 

O 



These 8-bit latches feature 3-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing buffer 
registers, I/O ports, bidirectional bus drivers, and 
working registers. 

The eight latches of the 'ABT573 are transparent 
D-type latches. While the latch-enable (LE) input 
is high, the Q outputs follow the data (D) inputs. 
When the latch enable is taken low, the Q outputs 
are latched at the logic levels set up at the D 
inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operations of the latches. Old data can be retained 
or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT573 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT573 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT573 is characterized for operation from -40°C to 85°C. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. ™ Copyright © 1993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments In __ 

standard warranty. Production processing does not necessarily include wV9 TVv a 

testing of all parameters. I r*.X/\^ 
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SN54ABT573, SN74ABT573 

OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

D3663, JANUARY 1991 - REVISED JULY 1993 



FUNCTION TABLE 
(each latch) 



INPUTS 


OUTPUT 

Q 


OE 


LE 


D 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


Z 



logic symbolt 



OE 
LE 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 



1 ' IN 


EN 
C1 

n r 


19 


11 


2 


1D V 


3 


18 




4 




17 




5 




16 




6 


15 




7 


14 




8 


13 




9 




12 









logic diagram (positive logic) 

— 



OE 



1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
70 
8Q 



LE 



1D 



C1 
1D 



" t> " 



1Q 



To Seven Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc ■ ■ -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) . . -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT573 96 mA 

SN74ABT573 128 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DWpackage 0.85W 

N package 1.3 W 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device: These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT573, SN74ABT573 
OCTAL TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

D3663, JANUARY 1991 - REVISED JULY 1993 



recommended operating conditions (see Note 2) 







SN54ABT573 


SN74ABT573 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


•oh 


High-level output current 


-24 


-32 


mA 


•OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 
PARAMETER 


TEST CONDITIONS 
TEST CONDITIONS 


T A = 25°C 


SN54ABT573 


SN74ABT573 


UNIT 
UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V, K 


Vcc = 4 - 5V , l| = —18 mA 


-1 .2 


-1.2 


-1.2 


V 


VOH 


V CC = 4.5 V, Ioh = -3 mA 


2.5 


2.5 


2.5 


V 


VOH 


Vcc = 5 V, IOH * -3 mA 


3 


3 


3 


V 


Vcc = 4 -5V, loH=-24mA 


2 


2 




Vcc = 4.5 V, loH=-32mA 


2* 




2 


vol 


Vcc = 4.5 V, Iol = 48 mA 


0.55 


0.55 




V 


VCC = 4.5 V, IOL = 64mA 


0.55* 




0.55 


•l 


Vcc = 5.5 V, V| = Vcc or GND 


±1 


±1 


±1 




'OZH 


Vcc = 5.5 V, Vo = 2.7 V 


50 


10 


50 


^A 


•OZL 


V C C = 5.5 V, V O = 0.5V 


-50 


-10 


-50 


HA 


•off 


VCC = 0. V|orVo<4.5V 


±100 


±500 


±100 


|iA 


•CEX 


Vcc = 5.5 V, Vo = 5.5V Outputs high 


50 


50 


50 




•o § 


Vcc = 5.5 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


•cc 


V C C = 5.5 V, 'O = 0. 
V|-V C c orGND 


Outputs high 


1 250 


250 


250 


HA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


^A 


Alec 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


1.5 


1.5 


1.5 


mA 


Q 


V| = 2.5 V or 0.5 V 


3 






PF 


Co 


Vo = 2.5 V or 0.5 V 


6 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

1 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT573, SN74ABT573 

OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

D3663, JANUARY 1 991 - REVISED JULY 1 993 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 







V C C = 5V, 
T A = 25°C 


SN54ABT573 


SN74ABT573 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 




t w Pulse duration, LE high 


3.3 


3.3 


3.3 


ns 


t S u Setup time, data before LEl 


High 


1.9 


2.5 


1.9 


ns 


Low 


1.5 


2.5 


1.5 


t n Hold time, data after LEl 


1 


2.5 


1 


ns 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABT573 


SN74ABT573 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


D 


Q 


1.9 


3.2 


5.4 


1.4 


6.4 


1.9 


5.9 


ns 


tPHL 


. 2.2 


4.2 


5.7 


1.6 


6.7 


2.2 


6.2 


tPLH 


LE 


Q 


2.2 


4 


6.1 


2 


7.1 


2.2 


6.6 


ns 


tPHL 


3.2 


5.2 


6.7 


2.8 


7.5 


3.2 


7.2 


tpZH 


OE 


Q 


1.2 


3.2 


4.7 


0.8 


6.2* 


1.2 


5.2 


ns 


tPZL 


2.7 


4.7 


6.2 


2 


7.2 


2.7 


6.7 


tPHZ 


OE 


Q 


2.5 


4.9 


6.4 


2.2 


7.7 


2.5 


6.9 


ns 


tpLZ 


2 


4.2 


6 


1.4 


7 


2 


6.5 
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SN54ABT573, SN74ABT573 
OCTAL TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

D3663, JANUARY 1 991 - REVISED JULY 1 993 



PARAMETER MEASUREMENT INFORMATION 



From Output ~ 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 

— wv— 



500 Q 



o 7V 
O Open 

9 GND 



TEST 


S1 


tPLHtPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 Vj ) ^ ^iTv" 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



3 V 
0V 



tPLH —f >[ 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPZL- 



tpLZ |<- 



\ / VQL + 0-3V 



tpzH f*~ 



tpHZ-^t j«~ 



3V 
0V 

3.5 V 

vol 



1.5 V 



■Woh -i.r v V0H 

^ =ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 H, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT574, SN74ABT574 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D3705, JANUARY 1991 - REVISED JULY 1993 



I • State-of-the-Art EPIC-UB ™ BiCMOS Design SN54ABT574 . . . j package 

I Significantly Reduces Power Dissipation sn?4abt574 . . ^db, dw^or n package 

I • ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

• High-Drive Outputs (-32-mA Iqh> 
64-mA I 0 l) 

• Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 

description 

These 8-bit flip-flops feature 3-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing buffer 
registers, I/O ports, bidirectional bus drivers, and 
working registers. 

The eight flip-flops of the 'ABT574 are 
edge-triggered D-type ftip-flops. On the positive 
transition of the clock (CLK) input, the Q outputs 
are set to the logic levels that were set up at the 
data (D) inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operations of the flip-flops. Old data can be retained 
or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT574 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT574 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT574 is characterized for operation from -40°C to 85°C. 




SN54ABT574 . . . FK PACKAGE 
(TOP VIEW) 

Q Ql^i^ O 

W rlO> i- 



3D ] 4 
4D ] 5 
5D ] 6 
6D ]7 
7D ]8 



I II II II II I 

3 2 1 20 19 



9 10 11 12 13 
nnnnn 



18[ 
17[ 
16[ 
15[ 
14[ 



2Q 
3Q 
4Q 
5Q 
6Q 



Q Q * O O 

CO Z d 00 N 

CD ° 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



Df publication date. _ Copyright © 1993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments 1 m Sm 
standard warranty. Production processing does not necessarily include wV0 TV? V AC 

testing of all parameters. 
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SN54ABT574, SN74ABT574 

OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

D3705, JANUARY 1 991 - REVISED JULY 1 993 



logic symbolt 



OE 
CLK 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 
Q 


OE 


CLK 


D 


L 


T 


H 


H 


L 


T 


L 


L 


L 


HorL 


X 


Qo 


H 


X 


X 


z 



1 N 


EN 

> C1 

i r 


19 


11 


2 


1D V 


3 


18 




4 




17 




5 


16 




6 


15 




7 


14 




8 


13 




9 


12 









1Q 
2Q 
3Q 
40 
50 
6Q 
70 
8Q 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



logic diagram (positive logic) 

<t> — 



OE 



CLK 



1D 



> C1 
1D 



19 



1Q 



To Seven Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, V<x -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq . -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT574 ! 96 mA 

SN74ABT574 . . 128 mA 

Input clamp current, l|K ( v i < 0) -18 mA 

Output clamp current, Iok( v O <0 ) -50mA 

Maximum power dissipation at = 55°C (in still air): DB package . 0.65 W 

DW package... 0.85 W 

N package . 1 .3 W 

Storage temperature range -65°C to 150°C 



$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT574, SN74ABT574 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D3705, JANUARY 1991 - REVISED JULY 1993 



recommended operating conditions (see Note 2) 







SN54ABT574 


SN74ABT574 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


>OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT574 


SN74ABT574 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, 1] =—18 mA 


-1.2 


-1 .2 


-1 .2 


V 


VOH 


Vcc = 4.5 V, IOH = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, IOH="3mA • 


3 


3 


3 


Vcc = 4.5 V, lOH =~24 mA 


2 


2 




Vcc = 4.5 V, Ioh = "32 mA 


2* 




2 


vol 


Vcc = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iol = 64 mA 


0.55* 




0.55 


ii 


V C c = 5.5V, V|=V C CorGND 


±1 


±1 


±1 


HA 


'OZH 


Vcc = 55 V, Vo = 2.7V 


50 


10 


50 




"OZL 


Vcc = 5-5 V, V 0 = 0.5 V 


-50 


-10 


-50 


|iA 


'off 


Vcc = °- v | or Vq < 4.5 V 


±100 


±500 


±100 


V* 


'CEX 


Vcc = 5.5 V, Vo = 5.5 V Outputs high 


50 


50 


50 


]iA 


l 0 § 


Vcc = 5.5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


•cc 


VCC = 5.5 V, Iq = 0, 
V| - Vcc o r GND 


Outputs high 


1 250 


250 


250 


|xA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 




Alec 11 


Vcc = 5 - 5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


C| 


V| = 2.5 Vor 0.5 V 


3 






pF 


C 0 . 


Vq = 2.5 V or 0.5 V 


8 






pF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT574, SN74ABT574 

OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

D3705, JANUARY 1991 - REVISED JULY 1993 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 





V C C = 5 V, 
T A = 25°C 


SN54ABT574 


SN74ABT574 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


150 


150 


150 


MHz 


t w Pulse duration, CLK high or low 


3.3 


3.3 


• 3.3 


ns 


t su Setup time, data before CLKT 


High 


1 


1.5 


1 


nst 5 


Low 


1.5 


2 


1.5 


th Hold time, data after CLKT 


High or low 


1.5T 


2 


1.5T 


ns 



t This data sheet limit may vary among suppliers. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT574 


SN74ABT574 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 






150 


200 




150 


150 


MHz 


tPLH 


CLK 


Q 


2.2 


3.9 


6.2 


2.2 


7 


2.2 


6.8 


ns 


tPHL 


3 


4.8 


6.6 


3 


7.4 


3 


7.1 


tpZH 


OE 


Q 


1 


3.3 


4.3 


1 6 


1 


5.1 


ns 


tpZL 


2.5 


4.7 


5.9 


2.5 


6.8 


2.5 


6.7 


tPHZ 


OE 


Q 


2.4 


4.9 


6.2 


2.4 


7.3 


2.4 


7 


ns 


tPLZ 


2 


4 


5.8 


2 


6.9 


2 


6.5 
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SN54ABT574, SN74ABT574 
OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D3705, JANUARY 1991 - REVISED JULY 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 a 



500 Q 



o 7V 
SI/* o Open 

? GND 



TEST 


S1 


tPLHflPHL 
tPLZftpZL 
tPHZtpZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— y v — 

Input 1-5Vjt A 1,5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
0V 



Timing Input 



Data Input 



*su 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



~ X ,5v X 7 ^ 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



0utput ViTv Vi^v" 

Control _A 15V A 



tpZL-^| 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



*PZH ->] |«- 



1 , 

'tPLZ^, 

tpHZ-^ ]*- 



VoH-°-3V 



3V 
0V 

3.5 V 

vol 

VOH 

-0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 
! C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

) Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT620, SN74ABT620 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS113A- D3776, FEBRUARY 1991 - REVISED OCTOBER 1992 



I • State-of-the-Art EPIC-llB ™ BiCMOS Design SN54ABT620 . . . j package 

I Significantly Reduces Power Dissipation SN74ABT620 . . . db, dw, or n package 

I • ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

• High-Drive Outputs (-32-mA I 0 h> 
64-mA Iql) 

• Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 

description 

The 'ABT620 bus transceiver is designed for 
asynchronous communication between data 
buses. The control function implementation allows 
for maximum flexibility in timing. The , ABT620 
provides inverted data at its outputs. 

These devices allow data transmission from the A 
bus to the B bus or from the B bus to the A bus 
depending upon the l ogic levels at the 
output-enable (OEAB and OEBA) inputs. 

The output-enable inputs can be used to disable the device so that the buses are effectively isolated. The 
dual -enabl e configuration gives th e transc eivers the capability of storing data by simultaneously enabling OEAB 
and OEBA. When both OEAB and OEBA are enabled and all other data sources to the two sets of bus lines are 
at high impedance, both sets of bus lines (16 in all) will remain at their last states. In this way, each output 
reinforces its input in this configuration. 

To ensure the high-impedance state during power up or power down, OEBA should be tied to Vcc through a 
pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 
OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by 
the current-sou rcing capability of the driver. 

The SN74ABT620 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT620 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT620 is characterized for operation from -40°C to 85°C. 



OEAB [ 


U 

1 




J vcc 


A1[ 


2 


19 


] OEBA 


A2 [ 


3 


18 


]B1 


A3[ 


4 


17 


] B2 


A4 [ 


5 


16 


] B3 


A5[ 


6 


15 


] B4 


A6[ 




14 


] B5 


A7[ 


8 


13 


] B6 


A8 [ 


9 


12 


]B7 


GND [ 


10 


11 


] B8 



SN54ABT620 . . . FK PACKAGE 
(TOP VIEW) 



CD 

W r- UJ g 

< < 0:> 



A3] 4 
A4]5 
A5]6 
A6]7 
A7]8 



3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ B1 

17[ B2 

16[ B3 

15[ B4 

14[ B5 



00 Q 00 N (O 
< 2 CD CQ CD 

O 



EPlC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION « # Copyright © 1992, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to _ 

specifications per the terms of Texas Instruments standard warranty. vf*jP Tt "V A O 

Production processing does not necessarily include testing of all \f I tJv/\3 

~ Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-1 03 



SN54ABT620, SN74ABT620 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS113A- D3776, FEBRUARY 1991 - REVISED OCTOBER 1992 



FUNCTION TABLE 



INPUTS 


OPERATION 


OEBA OEAB 


L L 


B data to A bus 


L H 


B data to A bus, 


A data to B bus 


H L 


Isolation 


H H 


A data to B bus 



logic symbolt 
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logic diagram (positive logic) 
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To Seven Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc ■ ■ ■ ~ 0 - 5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) , -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq ■ ■ ■ -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT620 96 mA 

SN74ABT620 128 mA 

Input clamp current, Iik (V| < 0) . -18 mA 

Output clamp current, Iqk ( v O < °) ■ ■ ■ ■ ■ ■ ■ -50 mA 

Maximum power dissipation at T/v = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

N package 1.3 W 

Storage temperature range -65°C to 1 50°C 

$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT620, SN74ABT620 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS113A- D3776, FEBRUARY 1991 - REVISED OCTOBER 1992 



recommended operating conditions (see Note 2) 







SN54ABT620 


SN74ABT620 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 ^ 


2 


V 


V|L 


Low-level input voltage 


, ,0.8 


0.8 


V 


V| 


Input voltage 


0 , 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


. -32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


5 


5 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT620 


SN74ABT620 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5 V, l 0 H=-3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, l 0 H=-3mA 


3 


3 


3 


Vcc = 4-5 V, Ioh = -24 mA 


2 


2 




Vcc = 4.5 V, l0H=" 32mA 


2* 




2 


vql 


Vcc = 4.5 V, IOL = 48mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5.5 V, 
V| = V C C or GND 


Control inputs 


±1 


±4 


±1 


,iA 


A or B ports 


±100 


±100 


±100 


'OZH§ 


Vcc = 5-5 V, Vo = 2.7 V 


50 


50 


50 




>OZL § 


Vcc = 5-5 V, Vo = 0.5 V 


-50 


-50 


-50 




'off 


Vcc = 0» V|orV 0 <4.5V 


±100 




±100 


HA 


'CEX 


Vcc = 5-5 V, Vo = 5.5 V Outputs high 


50 


50 


50 


^A 


loll 


Vcc = 5-5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


•cc 


V C C = 5-5 V, 

io = o, 

V| = Vcc or GND 


A or B ports 


Outputs high 


5 250 


250 


250 


|iA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


uA 


AlcC # 


V C C = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 




V| = 2.5 V or 0.5 V 


Control inputs 


4 






PF 




Vq = 2.5 V or 0.5 V 


A or B ports 


7 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH ancl 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT620, SN74ABT620 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS113A- D3776, FEBRUARY 1991 - REVISED OCTOBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C(_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT620 


SN74ABT620 


UNIT 




MIN TYP 


MAX 


MIN MAX 


MIN 


MAX 




tpLH 


A or B 


B or A 


1 


4.1 


1 


1 


4.8 


ns 


tPHL 


1 


4.3 


1 


1 


4.8 


tPZH 


OEBA 


A 


1.3 


4.6 


1.3 


1.3 


5.5 


ns 


tPZL 


1 


6.1 


1 - 


1 


7.1 


tPHZ 


OEBA 


A 


2 


6.3 


2 


2 


7 


ns 


tPLZ 


1.4 


5.4 


1.4- 


1.4 


5.8 


tPZH 


OEAB 


B 


1.6 


6.2 


1:6 


1.6 


6.8 


ns 


tPZL 


2 


5.9 


/ 2 


2 


6.4 


tPHZ 


OEAB 


B 


1.2 


5.6 


1.2 


1.2 


6.5 


ns 


tPLZ 


1.1 


4.7 


1.1 


1.1 


5.6 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT620, SN74ABT620 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS113A- D3776, FEBRUARY 1991 - REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 

—AAA/ — 



500 Q 



SI 



O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tpLZ^PZL 
*PHZ/*PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 ^ 1 ' 5V 



3V 



0V 



Timing Input 



Data Input 



1.5 V 



*su 



4- 



] X 15V y^" 



3V 
OV 



3V 
OV 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



tPLH — |* *| 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



3V 
0V 



tpzL -*\ H- I 

\jfo^™? V0L 



3.5 V 



tpZH -*| |«~ 

I 



| tPHZ f- 



VQH-0.3V V ° H 
— * 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT623A, SN74ABT623 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS114A- D3777, FEBRUARY 1991 - REVISED JULY 1993 



State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical V 0 lp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA I 0 h> 
64-mAlQL) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT623A ... J PACKAGE 
SN74ABT623 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 
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(TOP VIEW) 



description 
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The SN54ABT623A and SN74ABT623 bus 
transceivers are designed for asynchronous 
communication between data buses. The control 
function implementation allows for maximum 
flexibility in timing. The SN54ABT623A and 
SN74ABT623 provide true data at their outputs. 

These devices allow data transmission from the A 
bus to the B bus or from the B bus to the A bus 
depending upon the l ogic levels at the 
output-enable (OEAB and OEBA) inputs. 

The output-enable inputs can be used to disable the device so that the buses are effectively isolated. The 
dual -enabl e configuration gives the transceivers the capability of storing data by simulta neously enabling OEAB 
and OEBA. Each output reinforces its input in this configuration. When both OEAB and OEBA are enabled and 
all other data sources to the two sets of bus lines are at high impedance, both sets of bus lines (16 in all) will 
remain at their last states. 



Q OO N CD 
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To ensure the high-impedance state during power up or power down, OEBA should be tied to Vqc through a 
pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 
OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by 
the current-sourcing capability of the driver. 

The SN74ABT623 is available in T.l's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT623A is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT623 is characterized for operation from -40°C to 85°C. 
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SN54ABT623A, SN74ABT623 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS114A- D3777, FEBRUARY 1991 - REVISED JULY 1993 



FUNCTION TABLE 



INPUTS 


OPERATION 


OEBA OEAB 


L L 

L H 

H L 
H H 


B data to A bus 

B data to A bus, 
A data to B bus 

Isolation 

A data to B bus 



logic symbolt 



OEBA 
OEAB 

A1 

A2 
A3 
A4 
A5 

A6 
A7 
A8 
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EN1 
EN2 

X- 



logic diagram (positive logic) 
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A1 
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B1 



To Seven Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT623A 96 mA 

SN74ABT623 ...128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < 0) ■ ■ -50 mA 

Maximum power dissipation at = 55°G (in still air): DB package 0.65 W 

DW package 0.85 W 

N package ... . . . 1 .3 W 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT623A, SN74ABT623 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS114A- D3777, FEBRUARY 1991 - REVISED JULY 1993 



recommended operating conditions (see Note 2) 







SN54ABT623A 


SN74ABT623 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


«OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT623A 


SN74ABT623 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| =-18 mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V C C = 4 -5V, l 0 H=-3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, loH = -3mA 


3 


3 


3 


Vcc = 4 5 V, lOH = - 24 mA 


2 


2 




Vcc = 4-5 V, l 0 H = "32 mA 


2t 




2 


vol 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5.5 V, 
V| = V C C or G ND 


Control inputs 


±1 


±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


>OZH§ 


Vcc = 5.5 V, y 0 = 2.1 M 


50 


50 


50 


uA 


"OZL § 


Vcc = 5.5 V, Vo = 0.5V 


-50 


-50 


-50 


uA 


•off 


Vcc = 0. V|orVo<4.5V 


±100 




±100 


uA 


'CEX 


V C C = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


uA 




Vcc = 5.5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


•cc 


V C C = 5.5 V, 

io = o, 

V| = Vcc or G ND 


A or B 
ports 


Outputs high 


5 250 


250 


250 


uA 


Outputs low 


22 30 


30 


30 


mA 


Outputs disabled 


1 250 


250 


250 


HA 


Alcc # 


Vcc = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


c« 


V| = 2.5 V or 0.5 V 


Control inputs 


4 






PF 




Vo = 2.5Vor 0.5 V 


A or B ports 


7 






PF 



t All typical values are at Vcc = 5 V. 

t Oh products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters Iozh ancl 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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SN54ABT623A, SN74ABT623 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS114A- D3777, FEBRUARY 1991 - REVISED JULY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
Ta = 25°C 


SN54ABT623A 


SN74ABT623 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tp|_H 


A orB 


BorA 


1 


2.6 


4.1 


1 


4.6 


1 


4.6 


ns 


tPHL 


1 


2.6 


4.2 


1 


4.6 


1 


4.6 


tpZH 


OEBA 


A 


1.7 


3.4 


6.5 


1.7 


7.5 


1.7 


7.5 


ns 


tpZL 


1-7 


3.8 


6.5 


1.7 


7.5 


1.7 


7.5 


tPHZ 


OEBA 


A 


1.7 


4.2 


6.5 


1.7 


7.5 


1.7 


7.5 


ns 


tPLZ 


1.7 


4.7 


6.5 


1.7 


7.5 


1.7 


7.5 


tpZH 


OEAB 


B 


1.7 


4.8 


6.5 


1.7 


7.5 


1.7 


7.5 


hs 


tpZL 


1-7 


4 


6.5 


1.7 


7.5 


1.7 


7.5 


tPHZ 


OEAB 


B 


1.7 


3.9 


6.5 


1.7 


7.5 


1-7 


7.5 


ns 


tPLZ 


1 .7 


3.2 


6.5 


1.7 


7.5 


1.7 


7.5 
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OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS114A- D3777, FEBRUARY 1991 - REVISED JULY 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50pF 
(see Note A) 



500 a 

-AAA/ — 



50012 



o 7V 
O Open 

9 GND 



TEST 


S1 


tPLHflPHL 
tpLz/tpzL 
tPHZ^ZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



, — y v — 

Input l-5Vjt A 1 " 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



V 



^5V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
OV 



3V 
OV 



Input 
(see Note B) 



Output 



Output 



3V 
OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL-^| 



5 V 



1 tpLZ |«~ 



"\l.5V Y 



tpZH ->| |4- 



| tpHZ -*| j«- 



3V 
OV 

3.5 V 

vol 



VQH-0.3V V ° H 
— « OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SCBS104A 



SN54ABT640, SN74ABT640 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

- D3778, FEBRUARY 1991 - REVISED OCTOBER 1992 



State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
<1 VatV cc = 5V,T A = 25°C 
High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic DIPs 



description 



SN54ABT640 ... J PACKAGE 
SN74ABT640 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 




SN54ABT640 . . . FK PACKAGE 
(TOP VIEW) 

cm ^ £ 8|« 



I II II II II I 



A3 


-i 3 
]4 


A4 


]5 


A5 


]6 


A6 


]7 


A7 


]8 



2 1 20 19 



9 10 11 12 13 

nnnnn 



00 Q 0O N <D 
< ^ CQ CD CD 

O 



18[ B1 

17[ B2 

16[ B3 

15[ B4 

14[ B5 



The 'ABT640 bus transceiver is designed for 
asynchronous communication between data 
buses. These devices transmit data from the A 
bus to the B bus or from the B bus to the A bus 
depending upon the level at the direction-control 
(DIR) input. The output-enable (OE) input can be 
used to disable the device so that the buses are 
effectively isolated. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vcc 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN74ABT640 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT640 is characterized for operation over the full military temperature range of-55°C to 1 25°C. The 
SN74ABT640 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 



EPIC-HB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION ■.• Copyright © 1992, Texas Instruments Incorporated 
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OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS104A- D3778, FEBRUARY 1991 - REVISED OCTOBER 1992 



logic symbolt 



OE 
DIR 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 



19 



G3 

3 EN1 [BA] 
3 EN2 [AB] 



logic diagram (positive logic) 

19 



OE 



< ► 



< ► 



< ► 

< ► 



< ► 



V 1 



1 



2V 



18 



DIR- 



— < — < 








17 


<- 


-> 


16 


—4- 
<- 


-> 
-> 


15 






14 


— <r 
— <- 


-> 
-> 


13 


— <- 


-> 


12 


4- 


-> 


11 



B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 



A1 



-54 



18 



B1 



\ / 



To Seven Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT640 96 mA 

SN74ABT640 128 mA 

Input clamp current, l|K (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v o < °) - 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

N package 1.3 W 

Storage temperature range -65°Cto150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT640 


SN74ABT640 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




08 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


v C c 


V 


"OH 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


5 


5 


ns/V 


TA 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SCBS104A- D3778, FEBRUARY 1991 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta - 25°C 




SN74ABT640 


UNIT 


MIN TYPt MAX 

■Villi 1 1 r ■ IWI#%/V 


MIN MAX 


MIN MAX 


v lK 


Vcc = 4 -5V, l|=-18mA 


— 1 .2 


— 1 .2 


— 1 .2 


v 


VOH 


Vcc = 4-5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, loH = -3mA 


3 


3 


3 


Vcc = 4.5V, l 0 H=-24mA 


2 


2 




VcC = 4.5V, loH = -32mA 


2* 




2 


vol 


Vcc = 4 -5 V . IOL = 4 8mA 


0.55 


0.55 




V 


Vcc = 4.5V, l 0 L = 64 mA 


0.55+ 




0.55 


ii 


V C C = 5.5V, 
V| = V C C or GND 


Control inputs 


±1 


^ 


+1 


uA 


A or B ports 


±100 





±100 


•ozh§ 


VcC = 5.5 V, Vo = 2.7 V 


50 


<f 50 


50 


MA 


IOZL§ 


Vcc = 5.5 V, Vo = 0.5 V 


-50 


&r — 

& -50 


-50 


ma 


•off 


Vcc = 0. V|orVo<4.5V 


±100 


^ 

s 


±100 


HA 


•CEX 


Vcc = 5-5 V, Vq = 5.5 V 


Outputs high 


50 


& 50 


50 


HA 




Vcc = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


"cc 


V C C = 5.5 V, 

io = o, 

V| = Vcc or GND 


A or B ports 


Outputs high 


5 250 


250 


250 


iiA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


>iA 


AlcC* 


Vcc = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


4 






PF 




VQ = 2.5Vor 0.5 V 


A or B ports 


7 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§The parameters Iqzh and 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc ° r GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC = 5V, 
T A = 25°C 


SN54ABT640 


SN74ABT640 


UNIT 




MIN 


TYP 


MAX 


MIN MAX 


MIN 


MAX 




tPLH 


A or B 


Bor A 


1 


2.7 


4.2 


1 5 


1 


4.9 


ns 


tPHL 


1.5 


2.7 


4.3 


1.5 r \ 5 


1.5 


4.9 


tpZH 


OE 


A or B 


1.5 


3.7 


4.9 




1.5 


5.8 


ns 


tpZL 


1.3 


5 


5.9 




1.3 


7.3 


tPHZ 


OE 


A or B 


2.5 


4.1 


6.5 




2.5 


6.8 


ns 


tPLZ 


2 


3.3 


5.3 


2 5.6 


2 


5.5 



PRODUCT PREVIEW information concerns products in the formative or m 

design phase of development. Characteristic data and other -Jf A _ 

specifications are design goats. Texas Instruments reserves the right to TVm/' AO 
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SN54ABT640, SN74ABT640 
OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50pF 
(see Note A) 



500 Q. 

-A/W- 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Timing Input 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3 V 
0 V 



Input 
(see Note B) 



Output 



Output 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



as 



*PZL 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpLZ -*J 



tPZH -+| |«- 

I 



A | / vql + o 

| tpHZ j*-/ 



3 V 



V 0 H - 0.3 V 



3V 
0V 

3.5 V 

vol 

VOH 

«ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £l, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 



2-118 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT646, SN74ABT646 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS068D - D3659, JULY 1991 - REVISED JULY 1993 



State-of-the-Art EP/C-IIS™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA l 0H , 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



These devices consist of bus transceiver circuits, 
D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the 
input bus or from the internal registers. Data on the 
A or B bus is clocked into the registers on the 
low-to-high transition of the appropriate clock 
(CLKAB or CLKBA) input. Figure 1 illustrates the 
four fundamental bus-management functions that 
can be performed with the 'ABT646. 

Output-enable (OE) and direction-control (DIR) 
inputs are provided to control the transceiver 
functions. In the transceiver mode, data present at 
the high-impedance port may be stored in either 
register or in both. 



SN54ABT646 . . . JT PACKAGE 
SN74ABT646 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



CLKAB 


[ 


1 U 


24 


] v cc 


SAB 


[ 


2 


23 


] CLKBA 


DIR 


r 

L 


3 


22 


] SBA 


A1 


[ 


4 


21 


]OE 


A2 


[ 


5 


20 


]B1 


A3 


[ 


6 


19 


] B2 


A4 


[ 




18 


] B3 


A5 


[ 


8 


17 


] B4 


A6 


[ 


9 


16 


] B5 


A7 


[ 


10 


15 


] B6 


A8 


[ 


11 


14 


]B7 


GND 


[ 


12 


13 


] B8 



SN54ABT646 . . . FK PACKAGE 
(TOP VIEW) 

CQ < 

< CQ 

rr CQ 2 O*: < 

\± < _i O (J — 1 CQ 

Q CO O Z > O U) 




3 2 1 28 27 26 



12 13 14 15 16 17 18 

ririririri nn 



25[ oe 

24[ B1 

23[ B2 

22[ NC 

21 [ B3 

2o[ B4 
19[ 



B5 



N 00 Q O 00 N (O 
< < z Z CQ CQ CQ 

0 

NC - No internal connection 



The select-control (SAB and SBA) inputs can multiplex stored andjreal-time (transparent mode) data . The 
direction control (DIR) determines which bus will receive data when OE is low. In the isolation mode (OE high), 
A data may be stored in one register and/or B data may be stored in the other register. 

When an output function is disabled, the input function is still enabled and may be used to store and transmit 
data. Only one of the two buses, A or B, may be driven at a time. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT646 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT646 is characterized for operation over the full military temperature range of-55°C to 1 25°G. The 
SN74ABT646 is characterized for operation from -40°C to 85°C. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION ■.. Copyright ©1993, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to ^Kl3L 
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SN54ABT646, SN74ABT646 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS068D - D3659, JULY 1991 - REVISED JULY 1993 



< 
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I I 
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21_ 3 1 23 2 22 

OE DIR CLKAB CLKBA SAB SBA 
L L X X X L 

REAL-TIME TRANSFER 
BUS B TO BUS A 




21_ 3 1 23 2 22 

OE DIR CLKAB CLKBA SAB SBA 
L H X XL X 

REAL-TIME TRANSFER 
BUSATOBUSB 
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1 23 2 
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OE 


DIR 


CLKAB CLKBA 


SAB 


SBA 


OE 


DIR 


CLKAB CLKBA SAB 


SBA 
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X 
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TRANSFER STORED DATA 








A, B, OR A AND B 










TO A AND/ORB 





Figure 1. Bus-Management Functions 

Pin numbers shown are for DB, DW, JT, and NT packages. 
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SN54ABT646, SN74ABT646 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS068D - D3659, JULY 1991 - REVISED JULY 1993 



FUNCTION TABLE 



INPUTS 


DATA I/O 




Ol 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


X 


X 


t 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


T 


X 


X 


Unspecifiedt 


Input 


Store B, A unspecifiedt 


H 


X 


t 


t 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


HorL 


HorL 


X 


X 


Input disabled 


Input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


HorL 


X 


H 


Output 


Input 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


L 


H 


HorL 


X 


H 


X 


Input 


Output 


Stored A data to B bus 



t The data output functions may be enabled or disabled by various signals at the OE and DIR inputs. Data input functions are always enabled; 
i.e., data at the bus pins will be stored on every low-to-high transition of the clock inputs. 

logic symbol* 



OE 
DIR 

CLKBA 
SBA 

CLKAB 
SAB 



A1 



21 


IS 


3 


f N 






23 




22 
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G3 

3 EN1 [BA] 
3 EN2 [AB] 
>C4 
G5 

p>C6 
G7 



4 ► f 4 



A2 
A3 
A4 
A5 
A6 
A7 
A8 



10 



>1 



V 1 



6D 



1 7 



4D 



5 1 -J 



2V 



20 



19 



18 



17 



16 



15 



14 



13 



B1 



B2 
B3 
B4 
B5 
B6 
B7 
B8 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 
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logic diagram (positive logic) 




To Seven Other Channels 

Pin numbers shown are for the DB, DW, JT, and NT packages. 
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SN54ABT646, SN74ABT646 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS068D - D3659, JULY 1991 - REVISED JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) , — -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT646 96 mA 

SN74ABT646 128 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk ( v o < °) ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT646 


SN74ABT646 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 




2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 ; 


v cc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


ta 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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SN54ABT646, SN74ABT646 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS068D - D3659, JULY 1991 - REVISED JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT646 


SN74ABT646 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4 -5V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


v OH 


V CC = 4 5 v > 'OH = - 3 mA 


2.5 


2.5 


2.5 


V 


Vqc = 5 V, Iqh = -3 mA 


3 


3 


3 


VCC = 4 5 v > 'OH = -24 mA 


2 


2 




Vcc = 4 -5V, l 0 H = -32 mA 


2* 




2 


V OL 


Vec = 4 -5V, loL = 4 8mA 


0.55 


0.55 




V 


Vcc = 4 -5 V, Iql = 64 mA 


0.55+ 




0.55 




V C C = 5.5 V, 
V| = VccorGND 


Control inputs 


±1 


iff 


±1 


uA 


A or B ports 


±100 


±tbo 


±100 


'OZH§ 


V C C = 5.5 V, V 0 = 2.7V 


1011 


r 50 


10U 


HA 


'OZL § 


Vcc = 5.5 V, V O = 0.5V 


-10H 


-50 


-1011 


JaA 


'off 


Vcc = o. v l or v O ^ 45 v 


±100 




±100 


MA 


'CEX 


V C C = 5-5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


HA 


l 0 # 


VCC = 5.5 V, Vq = 2.5V 


-50 -100 -180 


; -50 -180 


-50 -180 


mA 


•cc 


Vcc = 5-5V, l O = 0, 
V| - Vcc or GND 


Outputs high 


250 


250 


250 


^iA 


Outputs low 


30 


30 


30 


mA 


Outputs disabled 


250 


250 


250 


HA 


Alec" 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5Vor 0.5 V 


Control inputs 


7 






PF 


Cj 0 


Vq = 2.5 Vor 0.5 V 


A or B ports 


12 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH ancl 'OZL include the input leakage current. 
11 This data sheet limit may vary among suppliers. 

# Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

II This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or G ND - 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





VCC = 5V, 
T A = 25°C 


SN54ABT646 


SN74ABT646 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


f clock Clock frequency 


0 125 


0 125 


0 125 


MHz 


t w Pulse duration, CLK high or low 


4 


4 


4 


ns 


t su Setup time, A or B before CLKABt or CLKBAt 


High 


3.5 


as / 


3.5 


ns 


Low 


3 


3 


3 


t n Hold time, A or B after CLKABt or CLKBAt 


0 


0 


0 


ns 
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SN54ABT646, SN74ABT646 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS068D - D3659, JULY 1991 - REVISED JULY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT646 


SN74ABT646 


UNIT 




MIN 


TYP 


MAX 


MIN MAX 


MIN 


MAX 




fmax 






125 




125 


MHz 


tPLH 


CLKBA or CLKAB 


A or B 


2.2 


4 


6.8 




2.2 


7.8 


ns 


tPHL 


1.7 


4 


7.4 




1.7 


8.4 


tPLH 


A or B 


B or A 


1.5 


3 


5.9 




1.5 


6.9 


ns 


tPHL 


1.5 


3.3 


5.9 




1.5 


6.9 


tPLH 


SAB or SBAt 


Bor A 


1.5 


4 


6.1 




1.5 


7.1 


ns 


tPHL 


1.5 


3.6 


6.9 




1.5 


7.9 


tpZH 


OE 


A or B 


1 


4.3 


5.3 




1 


6.3 


ns 


tpZL 


2.1 


5.8 


7.4 




2.1 


8.8 


tPHZ 


OE 


A or B 


1.5 


3.5 


7.3 




1.5 


8.3 


ns 


tPLZ 


1.5 


3 


7 




1.5 


7.5 


tpZH 


DIR 


A or B 


1.2 


4.5 


5.7 




1.2 


6.7 


ns 


tPZL 


2.5 


6.5 


9 




2.5 


9.5 


*PHZ 


DIR 


A or B 


1.5 


3.8 


6.7 




1.5 


7.7 


ns 


tPLZ 


1.5 


3.8 


7.2 




1.5 


8.2 



t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT646, SN74ABT646 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS068D - D3659, JULY 1991 - REVISED JULY 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50pF 
(see Note A) 



500 Q 

-AW— 



500 Q 



o 7V 

o Open 
Q GND 



TEST 


S1 


tPLH^PHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7 V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
V 



Input 
(see Note B) 



Output 



Output 



~ > 5V 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



EES zy^j& 



tpzL ->| k- 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



|tPLZ-^ K- 

\ I / VQL^0.3V 



tpzH ->i r*- 



| tpHZ -*l f~ 



V O H-0.3V 



3V 

ov 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN54ABT646A, SN74ABT646A 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS069D - D3856, JULY 1991 - REVISED JULY 1993 



State-of-the-Art EP/C-IIS™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard J ESD- 17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA I 0 h> 
64-mA I 0 l) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT646A . . . JT PACKAGE 
SN74ABT646A . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



CLKAB[ 1 
SAB[ 2 
DIR[ 3 
A1 [ 4 
A2[ 5 
A3[ 6 
A4[ 7 
A5[ 8 
A6[ 9 
A7[ 10 
A8[ 11 
GND[ 12 



24 ] V CC 
23 ] CLKBA 
22 ] SBA 
21 ] OE 
20 ] B1 
19 ] B2 
18 ] B3 
17 ] B4 
16 ] B5 
15] B6 
14 ] B7 
13 ] B8 



SN54ABT646A . . . FK PACKAGE 
(TOP VIEW) 



description 



00 

£ § i o 

Q O) O - 
L-JL-ILJLJLJLJLJ 

4 3 2 1 



< 

CO ^ 

O — I CO 

> O (f) 



A1 
A2 
A3 
NC 
A4 

A5p 10 

A6p11 12 13 14 15 16 

nnririrnrin 




00 

< < 



O 00 N CD 
Z CD CD DQ 



NC - No internal connection 



These devices consist of bus transceiver circuits, 
D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the 
input bus or from the internal registers. Data on the 
A or B bus is clocked into the registers on the 
low-to-high transition of the appropriate clock 
(CLKAB or CLKBA) input. Figure 1 illustrates the 
four fundamental bus-management functions that 
can be performed with the 'ABT646A. 

Output-enable (OE) and direction-control (DIR) 
inputs are provided to control the transceiver 
functions. In the transceiver mode, data present at 
the high-impedance port may be stored in either 
register or in both. 

The select-control (SAB and SBA) inputs can multiplex stored andj^al-time (transparent mode) data. The 
direction control (DIR) determines which bus will receive data when OE is low. In the isolation mode (OE high), 
A data may be stored in one register and/or B data may be stored in the other register. 

When an output function is disabled, the input function is still enabled and may be used to store and transmit 
data. Only one of the two buses, A or B, may be driven at a time. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT646A is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT646A is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT646A is characterized for operation from -40°C to 85°C. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 
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OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS069D - D3856, JULY 1 991 - REVISED JULY 1 993 



< 



I I 

I I 

I I 

I I 

i — r 

i r 
i i 
i i 

LJ 



i — i 
i i 
i i 
i i 



i — r 

i i 
M i 
i i 
i i 



CO 
CO 



< 

(/> 
D 
CO 



I I 
I I 
I I 



I I 
I II 



i — i 
I I 
I I 
I I 



I I 
I I 
I I 

I I 



I 



21_ 3 1 23 2 22 

OE DIR CLKAB CLKBA SAB SBA 
L L X X X L 

REAL-TIME TRANSFER 
BUS B TO BUS A 




21 3 1 23 2 22 

OE DIR CLKAB CLKBA SAB SBA 
L H X X L X 

REAL-TIME TRANSFER 
BUS A TO BUS B 



21 

OE 

X 

X 

H 



1 



23 



DIR CLKAB CLKBA SAB 



t X 

X t 

t t 
STORAGE FROM 
A, B, OR A AND B 



22 
SBA 
X 
X 
X 



21 


3 


1 


23 


2 


22 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


L 


L 


X 


L 


X 


H 


L 


H 


L 


X 


H 


X 



TRANSFER STORED DATA 
TO A AND/ORB 



Figure 1 . Bus-Management Functions 

Pin numbers shown are for the DB, DW, JT, and NT packages. 
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SN54ABT646A, SN74ABT646A 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS069D - D3856, JULY 1991 - REVISED JULY 1993 



FUNCTION TABLE 



INPUTS 


DATA l/Os 


OPERATION OR FUNCTION 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


X 


X 


t 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


T 


X 


X 


Unspecifiedt 


Input 


Store B, A unspecifiedt 


H 


X 


T 


T 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


HorL 


HorL 


X 


X 


Input disabled 


Input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


HorL 


X 


H 


Output 


Input 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


L 


H 


HorL 


X 


H 


X 


Input 


Output 


Stored A data to B bus 



t The data output functions may be enabled or disabled by various signals at the OE and DIR inputs. Data input functions are always enabled; 
i.e., data at the bus pins will be stored on every low-to-high transition of the clock inputs. 

logic symbol* 



OE 
DIR 

CLKBA 
SBA 

CLKAB 
SAB 



21 




IN 


3 


— < 


1— 








23 






22 


1 


2 





G3 

3 EN1 [BA] 

3 EN2 [AB] 

>C4 

G5 

>C6 

G7 



A2 
A3 
A4 
A5 
A6 
A7 
A8 



10 



11 



V 1 



>1 



6D 



1 7 



4D 



5 1 -I 



2V 



20 
* f < ► 



19 



18 



16 



15 



14 



13 



B1 



B2 
B3 
B4 
B5 
B6 
B7 
B8 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 
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logic diagram (positive logic) 

21 




To Seven Other Channels 



Pin numbers shown are for the DB, DW, JT, and NT packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT646A 96 mA 

SN74ABT646A 128mA 

Input clamp current, l|« (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v o < °) ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT646A 


SN74ABT646A 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


•oh 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT646A 


SN74ABT646A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4 - 5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


V 0 H 


V C C = 4.5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V . loH = -3mA 


3 


3 


3 


Vqc = 4.5 V, Ioh = -24 mA 


2 


2 




VqC = 4-5 V, Iqh = -32 mA 


2* 




2 


vol 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5V, l0L = 64mA 


0.55* 




0.55 


ii 


V C C = 5.5 V, 
V| = VccorGND 


Control inputs 


±1 


±1 


±1 


ma 


A or B ports 


±100 


±100 


±100 


«OZH§ 


Vcc = 5-5 V, Vo = 2.7 V 


1011 


1011 


10H 


^A 


l UZL° 


VCC = 55 V, Vq = 0.5V 


-10H 


-10H 


-10H 


uA 


'Off 


Vcc = °. V|orV 0 <4.5V 


±100 




±100 


uA 


'OCA 


Vcc = 5-5V, Vq = 5.5V Outputs high 


50 


50 


50 


[LA 


io* 


V C C = 5.5 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


•cc 


V C C = 5.5 V, »O = 0, 
V|-VccorGND 


Outputs high 


250 


250 


250 


ma 


Outputs low 


30 


30 


30 


mA 


Outputs disabled 


250 


250 


250 


ma 


Alec" 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5V or 0.5V 


Control inputs 


7 






PF 


Qo 


V 0 = 2.5 V or 0.5 V 


A or B ports 


12 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters Iozh ar, d 'OZL include the input leakage current. 
U This data sheet limit may vary among suppliers. 

# Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
" This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V CC = 5V, 
Ta = 25°C 


SN54ABT646A 


SN74ABT646A 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 125 


0 125 


0 125 


MHz 


t w Pulse duration, CLK high or low 


4 


4 


4 


ns 


t su Setup time, A or B before CLKABt or CLKBAt 


3 


3.5 


3 


ns 


t n Hold time, A or B after CLKABt or CLKBAt 


0 


1.5 


0 


ns 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 2) 



DADAMPTPD 
fMnMIVIC 1 cn 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABT646A 


SN74ABT646A 


1 IMIT 
UNI 1 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f 

'ITI3X 






125 


125 


125 


MHz 


tDI U 

l r Ln 


CLKBA or CLKAB 


A or B 


2.2 


4 


5.1 


2.2 


6.7 


2.2 


5.6 


ns 


TnL 


1.7 


4 


5.1 


1.2 


6.7 


1.7 


5.6 


tPI Ul 

tlh 


A or B 


Bor A 


1.5 


3 , 


4.3 


1.5 


5 


1.5 


4.8 


ns 


tpHL 


1.5 


3.3 


4.6 


1.5 


5.6 


1.5 


5.4 


tPI M 


SAB or SBAt 


Bor A 


1.5 


4 


5.1 


1.5 


7.8 


1.5 


6.5 


ns 


tpHL 


1.5 


3.6 


4.9 


1.5 


6.2 


1.5 


5.9 


tPZH 


OE 


AorB 


1.5 


4.3 


5.3 


1.5 


7 


1.5 


6.3 


ns 


tpZL 


3 


5.8 


7.4 


3 


10.5 


3 


8.8 


tPHZ 


OE 


AorB 


1.5 


3.5 


4.5 


1 


7.3 


1.5 


5 


ns 


tPLZ 


1.5 


3 


4 


1.5 


5.7 


1.5 


4.5 


tPZH 


DIR 


AorB 


1.5 


4.5 


5.7 


1.5 


7.3 


1.5 


6.7 


ns 


tPZL 


2.5 


6.5 


9 


2.5 


11 


2.5 


9.5 


tPHZ 


DIR 


AorB 


1.5 


3.8 


5 


1 


9 


1.5 


5.7 


ns 


tPLZ 


1.5 


3.8 


4.7 


1.2 


6.7 


1.5 


6 



t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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From Output 

Under Test 

CL = 50pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q 

— wv- 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLH^PHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



t w - 



— v ~V — 

Input 1-5Vjt A 1 " 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



t$u 



1.5 V 



th 



) (l.5V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



1.5 V 



Output 




*PLH — f *| 

i yi. 5V 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



° Utput \^L5V Vl^v" 
antral A 15V A . 



tPZL-^| 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZH -*| |«- 

I 



\l.5V Y 

\ I / VQL + 0-3V 

| tpHZ ~*l -j*- 

f~ I 



3V 
0 V 

3.5 V 

vol 



V OH 



« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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State-of-the-Art EPIC-UB f] BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

High-Drive Outputs (-32-mA Iqh» 
64-mA Iql) 

Multiplexed Real-Time and Stored Data 
Inverting Data Paths 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



These devices consist of bus transceiver circuits, 
D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the 
data bus or from the interna l stora ge registers. 
Output-enable (OEAB and OEBA) inputs are 
provided to control the transceiver functions. The 
select-control (SAB and SBA) inputs are provided 
to select whether real-time or stored data is 
transferred. A low input level selects real-time 
data, and a high input level selects stored data. 
Figure 1 illustrates the four fundamental 
bus-management functions that can be performed 
with the 'ABT651 . 



SN54ABT651 ... JT PACKAGE 
SN74ABT651 ... DB, DW, OR NT PACKAGE 
(TOP VIEW) 



CLKAB [ 1 U 24 ] V cc 
SAB[ 2 23 ]CLKBA 



OEAB [ 3 
A1 [ 4 
A2[ 5 
A3[ 6 
A4[ 7 
A5[ 8 
A6[ 9 
A7[ 10 
A8[ 11 
GND [ 12 



22 ] SBA 
21 ] OEBA 
20]B1 
19 ] B2 
18 ] B3 
17]B4 
16 ] B5 
15 ] B6 
14]B7 
13 ] B8 



SN54ABT651 . . . FK PACKAGE 
(TOP VIEW) 

_ DO < 
CD < CD 

O W O Z > O C/3 



A1 ] 5 
A2 ] 6 
A3 ] 7 
NC ] 8 
A4 ] 9 
A5 ] 10 
A6 ] 11 



4 3 2 1 28 27 26 



12 13 14 15 16 1718 

nnnnnnn 



25[ OEBA 
24 [ B1 
23 [ B2 
22 [ NC 
21 [ B3 
20 [ B4 
19[ B5 



I s - °0 Q O °o I s * <£> 
< < 2 "Z. m m & 



NC - No internal connection 



Data on the A or B bus, or both, can be stored in the internal D flip-flops by low-to-high transitions at the 
appropriate clock (CLKAB or CLKBA) inputs regardless of the select- or enable-control pins. When SAB and 
SBA are in the real-time transfer mode, it is als o possible to store data without using the internal D-type flip-flops 
by simultaneously enabling OEAB and OEBA. In this configuration, each output reinforces its input. Thus, when 
all the other data sources to the two sets of bus lines are at high impedance, each set will remain at its last state. 



To ensure the high-impedance state during power up or power down, OEBA should be tied to Vcc through a 
pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver 
(B to A). OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor is 
determined by the current-sou rcing capability of the driver (A to B). 

The SN74ABT651 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circu it-board area. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1992, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to ^WiSL — 

specifications per the terms of Texas Instruments standard warranty. w\'W Tfcv A C 

Production processing does not necessarily include testing of ail \j I r^X/X^ 
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description (continued) 

The SN54ABT651 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT651 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1THRUA8 


B1 THRU B8 


L 


H 


H or L 


HorL 


X 


X 


Input 


Input 


Isolation 


L 


H 


t 


T 


X 


X 


Input 


Input 


Store A and B data 


X 


H 


T 


HorL 


X 


X 


Input 


Unspecifiedt 


Store A, hold B 


H 


H 


t 


t 


xt 


X 


Input 


Output 


Store A in both registers 


L 


X 


HorL 


T 


X 


X 


Unspecifiedt 


Input 


Hold A, store B 


L 


L 


t 


t 


X 


xt 


Output 


Input 


Store B in both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


HorL 


X 


H 


Output 


Output 


Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


HorL 


X 


H 


X 


Input 


Output 


Stored A data to B bus 


H 


L 


HorL 


HorL 


H 


H 


Output 


Output 


Stored A data to B bus and 
stored B data to A bus 



t The data output functions may be enabled or disabled by various signals at the OEAB or OEBA inputs. Data input functions are always enabled, 

i.e., data at the bus pins will be stored on every low-to-high transition on the clock inputs, 
t When select control is low, clocks can occur simultaneously so long as allowances are made for propagation delays from A to B (B to A) plus 

setup and hold times. When select control is high, clocks must be staggered in order to load both registers. 
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< 



I 1 I 

I I 

I I 

I I 



1 — H 

i i 
i i 
i i 
i i 



i i 

i i 

i i 

i i 

J L 



I I 
I I 

l| I 
II I 



CD 
CO 



< 



I 1 1 

1 I 
I II 

I h 



1 l| 

I I 



I I 
I I 
I I 

J L 

H r 

I I 
I I 
I I 

I I 



3 21 
OEAB OEBA 
L L 



1 23 2 22 
CLKAB CLKBA SAB SBA 
X X X L 



3 21 
OEAB OEBA 
H H 



CLKAB 
X 



23 2 
CLKBA SAB 
X L 



REAL-TIME TRANSFER 
BUS B TO BUS A 



REAL-TIME TRANSFER 
BUS A TO BUS B 



22 
SBA 
X 




3 


21 1 


23 


2 


22 


3 


21 


1 


23 


2 


22 


OEAB 


OEBA CLKAB 


CLKBA 


SAB 


SBA 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


X 


H t 


X 


X 


X 


H 


L 


HorL 


HorL 


H 


H 


L 


X X 


T 


X 


X 














L 


H t 


t 


X 


X 















STORAGE FROM 
A, B, OR A AND B 



TRANSFER STORED DATA 
TO A AND/ORB 



Figure 1 . Bus-Management Functions 

Pin numbers shown are for the DB, DW, JT, and NT packages. 
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logic symbolt 



OEBA 
OEAB 



CLKBA 



21 



23 



SBA 
CLKAB 



22 



SAB 



A1 



A2- 
A3- 
A4- 
A5- 
A6- 
A7 
A8- 



10 



EN1 [BA] 
EN2 [AB] 

t>C4 
G5 
>C6 
G7 



V1 



>1<3 



6D 



1 7 



4D 



5 1 - 1 



>1> 



2 V 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 



20 



19 



18 



17 



16 



15 



14 



13 



B1 



B2 

B3 
B4 
B5 

B6 
B7 
B8 
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logic diagram (positive logic) 




To Seven Other Channels 

Pin numbers shown are for the DB, DW, JT, and NT packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q\ SN54ABT651 96 mA 

— SN74ABT651 128 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) _5 ° mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 







SN54ABT651 


SN74ABT651 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


"0.8 


0.8 


V 


V| 


Input voltage 


0 . 


v cc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 




5 


ns/V 


ta 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 
■A - *•» ^ 


SN54ABT651 


SN74ABT651 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1 .2 


V 


VOH 


Vcc = 4 5 V, lOH =--3 mA 


2.5 


2.5 


2.5 


V 


V C c = 5V, loH=-3mA 


3 


3 


3 


Vcc = 4 5 V, lOH = ~ 24 mA 


2 


2 




Vcc = 4 -5 V, lOH = -32 mA 


2t 




2 


vql 


Vcc = 4 -5V, loL = 4 8mA 


0.55 


0.55 




V 


V C c = 4 -5V, l0L = 64mA 


0.55* 




0.55 


h 


V C C = 5.5 V, 
V| = V C c or GND 


Control inputs 


+1 


*v 


±1 


uA 


A or B ports 


±100 


±100 


±100 


>OZH § 


Vcc = 5.5 V, V 0 = 2.7V 


50 


50 


50 




"OZL § 


Vcc = 5.5 V, Vq = 0.5V 


-50 


-50 


-50 


HA 


'off 


Vcc = °. v | or Vo < 4.5 V 


±100 




±100 


HA 


'CEX 


Vcc = 5.5 V, Vq = 5.5V Outputs high 


50 


50 


50 


uA 




V C C = 5.5 V, V 0 = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 'O = 0, 
V| - V C C or GND 


Outputs high 


250 


250 


250 


uA 


Outputs low 


30 


30 


30 


mA 


Outputs disabled 


250 


250 


250 


HA 


AICC* 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


6 






PF 


Qo 


V 0 = 2.5 V or 0.5 V 


A or B ports 


7.5 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§The parameters lozH and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PROPUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5V, 
T A = 25°C 


SN54ABT651 


SN74ABT651 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


f clock 0\ock frequency 


0 125 


0 4125 


0 125 


MHz 


t w Pulse duration, CLK high or low 


4 




4 


ns 


t su Setup time, A or B before CLKABT or CLKBAT 


3 




3 


ns 


t h Hold time, A or B after CLKABt or CLKBAt 


0 




0 


ns 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC = 5V, 
T A = 25°C 


SN54ABT651 


SN74ABT651 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 






125 


125 


125 


MHz 


tPLH 


CLKBAor CLKAB 


A or B 


2.2 


4 


5.1 


2.2 


5.9 


2.2 


5.6 


ns 


tPHL 


1.7 


4 


5.1 


1.7 


5.9 


1.7 


5.6 


tPLH 


A or B 


BorA 


1.5 


4 


5.1 




1.5 


6.2 


ns 


tPHL 


1.5 


3.3 


4.6 


1.5 


.#6 


1.5 


5.4 


tPLH 


SAB or SBAT 


AorB 


1.5 


4 


5.1 


1.5 jj&6.8 


1.5 


6.5 


ns 


tPHL 


1.5 


3.6 


4.9 




6.2 


1.5 


5.9 


IPZH 


OEBA 


A 


1.3 


3.6 


4.6 




1.3 


5.8 


ns 


tPZL 


2.5 


5.7 


6.8 




8.9 


2.5 


8.5 


tPHZ 


OEBA 


A 


1.5 


3.2 


4.5 


C 1.5 


6.2 


1.5 


5 


ns 


tPLZ 


1.5 


3 


3.8 


1.5 


4.3 


1.5 


4.1 


*PZH 


OEAB 


B 


1.8 


4.3 


6.1 


1.8 


6.7 


1.8 


6.5 


ns 


tPZL 


2.9 


5.5 


6.5 


2.9 


7.6 


2.9 


7.4 


*PHZ 


OEAB 


B 


1.5 


3.3 


4.5 


1.5 


6.5 


1.5 


5.5 


ns 


tPLZ 


1.5 


3.4 


4.4 


1.5 


5.2 


1.5 


5.1 



t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q 

—AAA/ — 



50012 



O 



7V 



O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ'tPZL 
tPHZ^PZH 


Open 
7 V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



I.5V 



X i5v ) G 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



c o 0 r Z3€E3fc 



tpzL-^l k- 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPZH 



tPLZ 'f«- 



A | / vql + o 

' | tPHZ 
f" I _ 

yi.sv \j 



3V 



V O H-0.3V 



3V 
0V 

3.5 V 

vol 

V 0 H 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN54ABT652, SN74ABT652 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS070C - D3660, JULY 1991 - REVISED JULY 1993 



State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



These devices consist of bus transceiver circuits, 
D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the 
data bus or from the internal storage registers. 



Output-enable (OEAB and OEBA) inputs are 
provided to control the transceiver functions. 
Select-control (SAB and SBA) inputs are provided 
to select whether real-time or stored data is 
transferred. The circuitry used for select control 
eliminates the typical decoding glitch that occurs 
in a multiplexer during the transition between 
stored and real-time data. A low input selects 
real-time data, and a high input selects stored 
data. Figure 1 illustrates the four fundamental 
bus-management functions that can be performed 
with the 'ABT652. 



SN54ABT652 . . . JT PACKAGE 
SN74ABT652 ... DB, DW, OR NT PACKAGE 
(TOP VIEW) 



CLKAB fl 1 ^240 V cc 
SAB [ 2 23 ] CLKBA 



OEAB [ 3 
A1 [ 4 
A2[ 5 
A3[ 6 
A4[ 7 
A5[ 8 
A6[ 9 
A7[ 10 
A8[ 11 
GND[ 12 



22 ] SBA 
21 ] OEBA 
20 ] B1 
19 ] B2 
18]B3 
17]B4 
16]B5 
15]B6 
14]B7 
13 ] B8 



SN54ABT652 . . . FK PACKAGE 
(TOP VJEW) 



CD < 

< CD 

UJ < fj 

O CO O 



O 



2 

O * < 

O — I CQ 

> O CO 



A1 



15 
A2 ] 6 
A3] 7 
NC ] 8 
A4 ] 9 
A5 ] 10 
A6 D " 



4 3 2 1 28 27 26 



12 1314 15 16 1718 

nnnn 



25[ OEBA 
24[ B1 
23[ B2 
22[ NC 
21 [ B3 
20[ B4 
19[ B5 



00 Q o 00 
< Z Z CQ 

o 



1^- CO 
CQ CQ 



NC - No internal connection 



Data on the A or B data bus, or both, can be stored in the internal D-type flip-flops by low-to-high transitions at 
the appropriate clock (CLKAB or CLKBA) inputs regardless of the select- or enable-control pins. When SAB and 
SBA are in the real-time transfer mod e, it is possible to store data without using the internal D-type flip-flops by 
simultaneously enabling OEAB and OEBA. In this configuration each output reinforces its input. Therefore, 
when all other data sources to the two sets of bus lines are at high impedance, each set of bus lines remain at 
its last state. 



To ensure the high-impedance state during power up or power down, OEBA should be tied to Vqc through a 
pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver 
(B to A). OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor is 
determined by the current-sourcing capability of the driver (A to B). 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 
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SN54ABT652, SN74ABT652 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS070C - D3660, JULY 1991 -REVISED JULY 1993 

description (continued) 

The SN74ABT652 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT652 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT652 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA l/Ot 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


L 


H 


HorL 


HorL 


X 


X 


Input 


Input 


Isolation 


L • 


H 


T 


t 


X 


X 


Input 


Input 


Store A and B data 


X 


H 


t 


HorL 


X 


X 


Input 


Unspecified* 


Store A, hold B 


H 


H 


T 


t 


x* 


X 


Input 


Output 


Store A in both registers 


L 


X 


• HorL 


T 


X 


X 


Unspecified* 


Input 


Hold A, store B 


L 


L 


T 


t 


X 


xt 


Output 


Input 


Store B in both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


HorL 


X 


H 


Output 


Input 


Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


HorL 


X 


H 


X 


Input 


( Output 


Stored A data to B bus 


H 


L 


HorL 


HorL 


H 


H 


Output 


\_ Output 


Stored A data to B bus and 
stored B data to A bus 



t The data output functions may be enabled or disabled by a variety of level combinations at the OEAB or OEBA inputs. Data input functions are 

always enabled; i.e., data at the bus pins is stored on every low-to-high transition on the clock inputs. 
$ Select control = L; clocks can occur simultaneously. 

Select control = H; clocks must be staggered in order to load both registers. 
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OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS070C - D3660, JULY 1991 - REVISED JULY 1993 
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I l-l 
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i — r 

i i 
i i 
i i 
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i — i 
i i 
i i 
i i 
j L 

"i — n 

i i 
i i 
i i 
i i 



CD 
(/) 
D 
CD 



< 

CO 

m 



i 1 

i i! 
i i 
i i 



i i 

i i 
i i 



i i 
i i 



T r 

I I 

I' I 
I I 

I I 



> 





3 


21 1 


23 


2 


22 


3 


21 


1 


23 


2 


22 


EAB 


OEBA CLKAB 


CLKBA 


SAB 


SBA 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


X 


H t 


X 


X 


X 


H 


L 


L 


L 


H 


H 


L 


X X 


t 


X 


X 














L 


H t 


T 


X 


X 















STORAGE FROM TRANSFER STORED DATA 

A, B, OR A AND B TO A AND/OR B 



Figure 1. Bus-Management Functions 

Pin numbers shown are for the DB, DW, JT, and NT packages. 
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logic symbolt 



OEBA 
OEAB 
CLKBA 
SBA 
CLKAB 
SAB 

A1 



A2 
A3 
A4 
A5 
A6 
A7 
A8 



21 



23 



22 



10 



11 



EN1 [BA] 
EN2 [AB] 

> C4 
G5 

> C6 
G7 

P 



r— 6D 
-1- 



>1 



V.1 



1 7 



4D 



5 1 



>1 



•2V 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 



20 



19 



18 



17 



16 



15 



14 



13 



B1 



B2 
B3 
B4 
B5 
B6 
B7 
B8 
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logic diagram (positive logic) 




To Seven Other Channels 

Pin numbers shown are for the DB, DW, JT, and NT packages. 
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SN54ABT652, SN74ABT652 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS070C - D3660, JULY 1 991 - REVISED JULY 1 993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc ■ • • -0-5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT652 96 mA 

SN74ABT652 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v 0 < °) • ■ -50 m A 

Maximum power dissipation at = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT652 


SN74ABT652 


UNIT 






MIN 


MAX 


MIN 




vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


, , 0.8 


0.8 


V 


V| 


Input voltage 


0 


v cc 


0 


vcc 


V 


'OH 


High-level output current 


" -24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


OQ 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or 

design phase of development. Characteristic data and other ^EfJL _ 

specifications are design goals. Texas Instruments reserves the right to wVW TcVAC 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT652 


SN74ABT652 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


Vnw 


Vcc = 4 5 v > 'OH = ~ 3 mA 


2.5 


2.5 


2.5 


v 


Vcc = 5 V, Iqh = -3 mA 


3 


3 


3 


Vcc = 4.5 V, loH = -24mA 


2 


2 




Vcc = 4.5 V, l0H = -32mA 


2* 




2 


Vni 


Vcc = 4.5 V, Iol = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


"I 


V C C = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


M 


±1 


uA 


A or B ports 


±100 


i?00 


±100 


'OZH § 


Vcc = 55 V, Vq = 2.7 V 


50 


50 


50 


uA 


»OZL § 


Vcc = 5.5 V, V 0 = 0.5 V 


-50 


A> "50 


-50 


HA 


'off 


Vcc = 0. V|orV 0 <4.5V 


±100 




±100 


HA 


'CEX 


Vcc = 5-5 V, Vo = 5.5 V Outputs high 


50 


^ 50 


50 


^A 


iofl 


Vcc = 5-5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


! CC 


V C C = 5-5V, »O = 0. 
V| - Vcc o r GND 


Outputs high 


250 


250 


250 


HA 


Outputs low 


30 


30 


30 


mA 


Outputs disabled 


250 


250 


250 


HA 


Alcc ff 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 Vor 0.5 V 


Control inputs 


7 






PF 


Qo 


Vq = 2.5 V or 0.5 V 


A or B ports 


12 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH an d 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
* This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5 V, 
T A = 25°C 


SN54ABT652 


SN74ABT652 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 125 


0 , 7125 

A"''."3l — 


0 125 


MHz 


t w Pulse duration, CLK high or low 


4 




4 


ns 


t su Setup time, A or B before CLKABt or CLKBAT 


3.5 




3.5 


ns 


t n Hold time, A or B after CLKABT or CLKBAT 


0 


0 


0 


ns 



PRODUCT PREVIEW information concerns products in the formative or mm 
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SN54ABT652, SN74ABT652 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS070C - D3660, JULY 1991 - REVISED JULY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT652 


SN74ABT652 


UNIT 




MIN 


TYP 


MIN 


MIN 


MAX 


MIN 


MAX 




f max 






125 


200 




125 


125 


MHz 


tPLH 


CLK 


BorA 


2.2 


5.3 


6.8 


2.2 


8.2 


2.2 


7.8 


ns 


tPHL 


1.7 


5.9 


7.4 


1.7 


8.8 


1.7 


8.4 


tPLH 


A or B 


Bor A 


1.5 


4.4 


5.7 


1.5 


J 


1.5 


6.7 


ns 


tpHL 


1.5 


4.4 


5.7 


1.5 


7 


1.5 


6.7 


tPLH 


SAB or SBAT 


B or A 


1 .5 


4.6 


5.9 


1.5 


7.4 


1.5 


6.9 


ns 


tPHL 


1.5 


5.4 


6.7 


1.5 


8 


1.5 


7.7 


tpZH 


OEBA 


A 


1.3 


3.3 


4.6 


1.3 


6 


1.3 


5.8. 


ns 


tpZL 


2.5 


4.5 


6.8 


2.5 


8.9 


2.5 


8.5 


tPHZ 


OEBA 


A 


1.5 


6.2 


7.7 


1.5 


8.3 


1.5 


8.2 


ns 


tPLZ 


1.5 


5 


6.3 


1.5 


7.1 


1.5 


6.8 


tpZH 


OEAB 


B 


1.8 


3.8 


6.1 


1.8 


6.9 


1.8 


6.5 


ns 


tpZL 


2.9 


4.9 


6.5 


2.9 


7.6 


2.9 


7.4 


tPHZ 


OEAB 


B 


1.5 


4.5 


5.7 


1.5 


7.1 


1.5 


6.9 


ns 


tPLZ 


1.5 


4.1 


5.3 


1.5 


6.6 


1.5 


6.2 



t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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PARAMETER MEASUREMENT INFORMATION 



From Output _ 



Under Test 
Cl = 50 pF 
(see Note A) 



500 Q 

— vw- 



500 Q. 



7V 



S1 



O Open 
Q GND 



TEST 


S1 


tPLHAPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
OV 



Timing Input 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
OV 



3V 
OV 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
Si at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPZL-frj k- 



jt PL2 -w ^ 



tPZH -*| |4- 

I 



tpHZ->l f~ 



3V 
OV 

3.5 V 



\l.5V \S 



V O H-0.3V 



VOH 



OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN54ABT652A, SN74ABT652A 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS072C - D3875, SEPTEMBER 1991 - REVISED JULY 1993 



State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA I 0 h> 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



These devices consist of bus transceiver circuits, 
D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the 
data bus or from the internal storage registers. 



Output-enable (OEAB and OEBA) inputs are 
provided to control the transceiver functions. 
Select-control (SAB and SBA) inputs are provided 
to select whether real-time or stored data is 
transferred. The circuitry used for select control 
eliminates the typical decoding glitch that occurs 
in a multiplexer during the transition between 
stored and real-time data. A low input selects 
real-time data, and a high input selects stored 
data. Figure 1 illustrates the four fundamental 
bus-management functions that can be performed 
with the 'ABT652A. 



SN54ABT652A . . . JT PACKAGE 
SN74ABT652A ... DB, DW, OR NT PACKAGE 
(TOP VIEW) 




SN54ABT652A . . . FK PACKAGE 
(TOP VIEW) 



CO < 

< CD 2 

LU < Zj 

O CO O 



o * < 
O _J CD 
> O CO 







-a 


A1 


1 


4 

5 


A2 


] 


6 


A3 


] 


7 


NC 


] 


8 


A4 


] 


9 


A5 


] 


10 


A6 


] 


11 



3 2 1 28 27 26 



12 13 14 15 16 17 18 

nnnnnnn 



25[ OEBA 

24[ B1 

23[ B2 

22[ NC 

21 [ B3 

20[ B4 

19[ B5 



N 00 Q O 00 N (O 
< < 2 Z ^ 
CD 

NC - No internal connection 



Data on the A or B data bus, or both, can be stored in the internal D-type flip-flops by low-to-high transitions at 
the appropriate clock (CLKAB or CLKBA) inputs regardless of the select- or enable-control pins. When SAB and 
SBA are in the real-time transfer mod e, it is possible to store data without using the internal D-type flip-flops by 
simultaneously enabling OEAB and OEBA. In this configuration each output reinforces its input. Therefore, 
when all other data sources to the two sets of bus lines are at high impedance, each set of bus lines remain at 
its last state. 



To ensure the high-impedance state during power up or power down, OEBA should be tied to Vqc through a 
pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver 
(B to A). OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor is 
determined by the current-sourcing capability of the driver (A to B). 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 
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SN54ABT652A, SN74ABT652A 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS072C- D3875, SEPTEMBER 1991 - REVISED JULY 1993 

description (continued) 

The SN74ABT652A is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT652A is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT652A is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA l/Ot 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


61 THRU B8 


L 


H 


HorL 


HorL 


X 


X 


Input 


Input 


Isolation 


L 


H 


t 


T 


X 


X 


Input 


Input 


Store A and B data 


X 


H 


T 


HorL 


X 


X 


Input 


Unspecified* 


Store A, hold B 


H 


H 


t 


T 


X* 


X 


Input 


Output 


Store A in both registers 


L 


X 


HorL 


t 


X 


X 


Unspecified* 


Input 


Hold A, store B 


L 


L 


t 


t 


X 


xt 


Output 


Input 


Store B in both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


HorL 


X 


H 


Output 


Input 


Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


HorL 


X 


H 


X 


Input 


Output 


Stored A data to B bus 


H 


L 


HorL 


HorL 


H 


H 


Output 


Output 


Stored A data to B bus and 
stored B data to A bus 



t The data output functions may be enabled or disabled by a variety of level combinations at the OEAB or OEBA inputs. Data input functions are 

always enabled; i.e., data at the bus pins is stored on every low-to-high transition on the clock inputs, 
t Select control =-L; clocks can occur simultaneously. 

Select control = H; clocks must be staggered in order to load both registers. 
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< 



I I 

I I 

I I 

I I 

J_L 

i — r 

i i 
i i 
i i 
i i 



i i 
i i 
i i 
i i 
j L 

i — r 

i i 
i i 
i i 
i i 



0) 



< 

c/> 



I 1 

I I 
I I 
I I 

J L 



1 r 

i i 
i i 
i i 

i i 



> 



3 21 
OEAB OEBA 
L L 



1 23 
CLKAB CLKBA 
X X 



2 
SAB 
X 



22 
SBA 
L 



REAL-TIME TRANSFER 
BUS B TO BUS A 




3 21 
OEAB OEBA 
H H 



CLKAB 
X 



23 2 
CLKBA SAB 
X L 



REAL-TIME TRANSFER 
BUS A TO BUS B 



22 
SBA 
X 



21 



1 



23 



OEAB OEBA CLKAB CLKBA SAB 
X H t X X 

L X X t X 

L H T t X 

STORAGE FROM 
A, B, OR A AND B 



22 
SBA 
X 
X 
X 



3 21 1 23 2 22 

OEAB OEBA CLKAB CLKBA SAB SBA 
H L L L H H 



TRANSFER STORED DATA 
TO A AND/ORB 



Figure 1 . Bus-Management Functions 

Pin numbers shown are for the DB, DW, JT, and NT packages. 
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logic symbolt 



OEBA 
OEAB 
CLKBA 
SB A 
CLKAB 
SAB 

A1 



A2 
A3 
A4 
A5 
A6 
A7 
A8 



21 



23 



22 



4 



10 



EN1 [BA] 
EN2 [AB] 

> C4 
G5 

> C6 
G7 

n 



r— 6D 
-i- 



>1 



v 1 



1 7 



4D 



5 1 



>1 



2V 



tlhis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 



20 



19 



18 



17 



16 



15 



14 



13 



B1 



B2 
B3 
B4 
B5 
B6 
B7 
B8 
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logic diagram (positive logic) 



CLKBA 



CLKAB 




v 

To Seven Other Channels 



Pin numbers shown are for the DB, DW, JT, and NT packages. 
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SN54ABT652A, SN74ABT652A 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS072C-D3875, SEPTEMBER 1991 -REVISED JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x ■■■■ • •■ -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) . -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq . - . -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT652A 96 mA 

SN74ABT652A 128 mA 

Input clamp current, Ijk (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) • • ■ ~ 5u mA 

Maximum power dissipation at Ta = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT652A 


SN74ABT652A 


UNIT 






MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


v 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


VCC 


0 


VCC 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



DADAMCTCD 

rAnAME I En 




T A = 25°C 


SN54ABT652A 


SN74ABT652A 


1 IMIT 
Uril 1 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l|=-18mA 


-1.2 


-1 .2 


-1.2 


V 


v OH 


V C C = 4.5V, l 0 H = -3mA 


2.5 


2.5 


2-5 


V 


VcC = 5V, Iqh =-3mA 


3 


3 


3 


Vcc = 4.5V, Iqh = -24 mA 


2 


2 




Vcc = 4.5V, Ioh = -32 mA 


2* 




2 


VOL 


Vqc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




v 


Vcc = 4.5V, Iql = 64 mA 


0.55* 




0.55 


'I 


V C C = 5.5V, 
V| = V C c or GND 


Control inputs 


±1 


±1 


±1 


ii A 


A or B ports 


±100 


±100 


±100 


'OZH § 


VQC = 5-5 V, Vq = 2.7 V 


50 


50 


50 


uA 


'OZL§ 


V C C = 5.5 V, V 0 = 0.5 V 


-50 


-50 


-50 


uA 


'off 


VQC = °. v l or v O ^ 4.5 V 


±100 




±100 


uA 


"CEX 


Vcc = 5 5V, Vq = 5.5V | Outputs high 


50 


50 


50 


uA 




V C C = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


>cc 


VQC = 5.5 V, l 0 = 0, 
V|-V C CorGND 


Outputs high 


250 


250 


250 


uA 


Outputs low 


30 


30 


30 


mA 


Outputs disabled 


250 


250 


250 


uA 


Alcc ff 


Vcc = 5.5V, One input at 3.4 V, 
Other inputs at Vqc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


7 






PF 




V 0 = 2.5 V or 0.5 V 


A or B ports 


12 






PF 



t All typical values are at Vqc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§The parameters lozH ar, d 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vqc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5V, 
T A = 25°C 


SN54ABT652A 


SN74ABT652A 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 125 


0 125 


0 125 


" MHz 


t w Pulse duration, CLK high or low 


4 


4 


4 


ns 


t su Setup time, A or B before CLKABt or CLKBAt 


3 


3.5 


3 


ns 


t h Hold time, A or B after CLKABT or CLKBAt 


0 


1.5 


0 


ns 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 2) 



PARAMETER 


FROM 
(INPUT) 


TO 

/OUTPUTS 


V C C = 5 V, 
T A = 25°C 


SN54ABT652A 


SN74ABT652A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN MAX 




fmax 






125 


200 




125 


125 


MHz 


tPLH 


CLK 


BorA 


2.2 


4 


5.1 


1.7 


5.9 


2.2 


5.6 


ns 


tPHL 


1.7 


4 


5.1 


1.7 


5.9 


1.7 


5.6 


tPLH 


AorB 


Bor A 


1.5 


3 


4.3 


1 


5 


1.5 


4.8 


ns 


tPHL 


1.5 


3.3 


4.6 


1 


5.6 


1.5 


5.4 


tPLH 


SAB or SBAt 


BorA 


1.5 


4 


5.1 


1.5 


6.8 


1.5 


6.5 


ns 


tPHL 


1.5 


3.6 


4.9 


1.5 


6.2 


1.5 


5.9 


tpZH 


OEBA 


A 


2 


3.6 


4.6 


2 


6.8 


2 


5.8 


ns 


tPZL 


3 


5.7 


6.8 


3 


9.2 


3 


8.5 


tPHZ 


OEBA 


A 


1.5 


3.2 


4.5 


1 


7.5 


1.5 


5 


ns 


tPLZ 


1.5 


3 


3.8 


1 


4.6 


1.5 


4.1 


tpZH 


OEAB 


B 


2 


4.3 


6.1 


2 


7.8 


2 


6.5 




tpZL 


3 


5.5 


6.5 


3 


8.9 


3 


7.4 


ns 


tPHZ 


6EAB 


B 


1.5 


3.3 


4.5 


1 


8 


1.5 


5.5 


ns 


tPLZ 


1.5 


3.4 


4.4 


1.5 


6.8 


1.5 


5.1 



t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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PARAMETER MEASUREMENT INFORMATION 



From Output _ 



Under Test 
Cl = 50 pF 
(see Note A) 



50012 

-AAA — 



50012 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 




VOLTAGE WAVEFORMS 
PULSE DURATION 



0V 



Timing Input 



Data Input 



1.5 V 



I* 



*su 



th 



) < 15V x^" 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
OV 



Input 
(see Note B) 



Output 



Output 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tp ZL - 



*pzH -*| r*~ 



\l.5V \S 

\ | / Vol * Q 3 v 

i tpHz -*\ k- 



3V 
0 V 

3.5 V 

vol 



1.5 V 



V O H-0.3V V ° H 
— «0V 



^0 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zrj = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN54ABT657, SN74ABT657 
OCTAL TRANSCEIVERS WITH PARITY GENERATORS/CHECKERS 

AND 3-STATE OUTPUTS 



D3694, JANUARY 1991 - REVISED OCTOBER 1992 



State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
<1 VatV cc = 5V,T A = 25 0 C 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT657 . . . JT PACKAGE 
SN74ABT657 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



T/Rp1 U 24 ] OE 
A1 [ 2 23 ] B1 



A2[ 3 
A3[ 4 
A4[ 5 
A5[ 6 
V CC [7 
A6[ 8 
A7[ 9 

A8[ 10 

ODD/EVEN [ 11 
ERR [ 12 



22 ] B2 
21 ]B3 
20]B4 
19 ]GND 
18 ] GND 
17 ] B5 
16 ] B6 
15 ] B7 
14]B8 
13 ] PARITY 



SN54ABT657 . . . FK PACKAGE 
(TOP VIEW) 



O 

£32 



description 



ODD/EVEN ] 5 
ERR ] 6 
PARITY ] 7 
NC ] 8 
B8 ] 9 
B7 ] 10 
B6 ] 11 



4 3 2 1 28 27 26 



12 13 14 15 16 1718 

nnnr-inr-in 



25[ A3 
24 [ A2 
23 [ A1 
22 [ NC 
21 [ T/R 
20[ OE 
19[ B1 



O St CO CM 
7 00. GO. GO 



The 'ABT657 contains eight noninverting buffers 
with parity generator/checker circuits and control 
signals. The transmit/receive (T/R) input 
determines the direction of data flow. When T/R is 
high, data flows from the A port to the B port 
(transmit mode); when T/R is low, data flows from 
the B port to the_A port (receive mode). When the 
output-enable (OE) input is high, both the A and B 
ports are in the high-impedance state. 

Odd or even parit y is sele cted by a logic high or low 
level on the ODD/EVEN input. PARITY carries the 
parity bit value; it is an output from the parity 
generator/checker in the transmit mode and an input to the parity generator/checker in the receive mode. 

In the transmit mode, after the A bus is polled to determine the numb er of h igh bits, PARITY is set to th e logic 
level that maintains the parity sense selected by the level at the ODD/EVEN input. For example, if ODD/EVEN 
is low (even parity selected) and there are five high bits on the A bus, then PARITY is set to the logic high level 
so that an even number of the nine total bits (eight A-bus bits plus parity bit) are high. 



J£ o Q 
CD z z 

o o 



NC - No internal connection 



In the receive mode, after the B bus is polled to determine the number of high bits, the error (ERR) output logic 
level indicat es whether or not the data to be received exhibits the correct parity sense. For exam ple, if 
ODD/EVEN is high (odd parity selected), PARITY is high, and there are three high bits on the B bus, then ERR 
is low, indicating a parity error. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqq through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT657 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 

PRODUCT PREVIEW information concerns products in the formative or . Copyright © 1992, Texas Instruments Incorporated 
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SN54ABT657, SN74ABT657 

OCTAL TRANSCEIVERS WITH PARITY GENERATORS/CHECKERS 
AND 3-STATE OUTPUTS 

D3694, JANUARY 1991 -REVISED OCTOBER 1992 

description (continued) 

The SN54ABT657 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT657 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



NUMBER OF A ORB 


INPUTS 


INPUT/OUTPUT 


OUTPUTS 


INPUTS THAT ARE HIGH 


OE 


T/R 


ODD/EVEN 


PARITY 


ERR 


OUTPUT MODE 




L 


H 


H 


H 


Z 


Transmit 




L 


H 


L 


L 


Z 


Transmit 




L 


L 


H 


H 


H 


Receive 


0, 2, 4, 6, 8 














L 


L 


H 


L 


L 


Receive 




L 


L 


L 


H 


L 


Receive 




L 


L 


L 


L 


H 


Receive 




L 


H 


H 


L 


Z 


Transmit 




L 


H 


L 


H 


z 


Transmit 




L 


L 


H 


H 


L 


Receive 


1,3,5,7 














L 


L 


H 


L 


H 


Receive 




L 


L 


L 


H 


H 


Receive 




L 


L 


L 


L 


L 


Receive 


Don't care 


H 


X 


X 


Z 


Z 


Z 



logic symbolt 



OE 
T/R 

ODD/EVEN 
A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 



24 



10 



G3 

3EN1/3G5 [REC] 
3 EN2 [XMIT] 
N4 





V 1 



Z11 



11 

--12 
--13 
14 
15 
--16 
17 
18 



2k> 



2 V 



4, 2 V 
5 

4,1 V 



23 



22 



21 



20 



17 



16 



15 



14 



13 



12 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 



B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 

PARITY 
ERR 
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logic diagram (positive logic) 

T/R " 



ODD/EVEN 




UJ 

> 

UJ 

oc 

Q. 
I- 

o 

Q 
O 
OC 
Q. 



Pin numbers shown are for the DB, DW, JT, and NT packages. 
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SN54ABT657, SN74ABT657 

OCTAL TRANSCEIVERS WITH PARITY GENERATORS/CHECKERS 
AND 3-STATE OUTPUTS 

D3694, JANUARY 1991 -REVISED OCTOBER 1992 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc ■ ■■ ■ -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq ■ -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT657 96 mA 

SN74ABT657 . . . 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■■ ■ -50mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

recommended operating conditions (see Note 2) 











SN54ABT657 


SN74ABf657 


UNIT 










MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 






4.5 


5.5 


4.5 


5.5 


V 


VlH 


High-level input voltage 






2 


2 


v 


V|L 


Low-level input voltage 






0.8 


0.8 


V 


V| 


Input voltage 






0 


vcc 


0 


vcc 


v 


'OH 


High-level output current 






-24 


-32 


mA 


>OL 


Low-level output current 






48 


64 


mA 


At/Av 


Input transition rise or fall rate 


/ ■ 


/ 


5 


5 


ns/V 


TA 


Operating free-air temperature 




■ / 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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SN54ABT657, SN74ABT657 
OCTAL TRANSCEIVERS WITH PARITY GENERATORS/CHECKERS 

AND 3-STATE OUTPUTS 

D3694, JANUARY 1991 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT657 


SN74ABT657 


UNIT 


MIN TYPT MAX 


MIN MAX 


MIN MAX 


V|k 


Vcc = 4 - 5V > l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, loH = -3mA 


3 


3 


3 


V CC = 4 5 v > 'OH = -24 mA 


2 


2 




Vqc = 4.5 V, Iqh = -32 mA 


2§ 




2 


vol 


Vcc = 4.5V, l 0 L = 48mA 


0.55 


0.55 




V 


Vcc = 4.5V, l 0 L = 64mA 


0.55§ 




0.55 


"i 


V C C = 5.5V, 
V| = Vcc or GND 


Control inputs 


±1 


±1 


±1 




A or B ports 


±100 


±100 


±100 


•OZH § 


Vcc = 5.5V, Vq = 2.7V 


50 


50 


50 


^iA 


>OZL§ 


VQC = 5 5 v » v O = 0 5 v 


-50 


-50 


-50 


|iA 


'off 


Vcc = °. V|orVQ<4.5V 


±100 




±100 


HA 


ICEX 


Vqc = 5-5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


HA 




V C C = 5.5V, V 0 = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5V, l o = 0, 
V|-V C c or GND 


Outputs high 


250 


250 


250 


|iA 


Outputs low 


30 


30 


30 


mA 


Outputs disabled 


250 


250 


250 


»A 


Alcc # 


V C C = 5.5V, 
One input at 3.4 V, 
Other inputs at 
Vqc or GND 


Data inputs 


Outputs enabled 


1 


1.5 


1 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5Vor 0.5 V 


Control inputs 








PF 


Cj 0 


Vq = 2.5 V or 0.5 V 


A or B ports 








pF 



t All typical values are at Vqc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH an0, 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vqc or GND. 
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SN54ABT657, SN74ABT657 

OCTAL TRANSCEIVERS WITH PARITY GENERATORS/CHECKERS 
AND 3-STATE OUTPUTS 



D3694, JANUARY 1991 - REVISED OCTOBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT657 


SN74ABT657 


UNIT 


— — 


MIN 


TYP 


MAX 


MIN MAX 

ivi ■ m ivinA 


MIN 


MAX 






A or B 


BorA 


1.1 


3.3 


5 


1.1 


1.1 


5.5 


ns 


tPHL 


1.2 


3 


4.3 


1 2 


1.2 


4.8 


tPLH 


A 


PARITY 


2.6 


6.5 


8.7 


2.6 


2.6 


10.1 


ns 


tPHL 


3.2 


7 


9.1 


3.2 


3.2 


10.6 


tPLH 


ODD/EVEN 


PARITY, ERR 


1.7 


5 


6.6 


1 .7 


1.7 


7.3 


ns 


tPHL 


1.9 


5 


6.6 


1.9 


1.9 


7.3 


tPLH 


B 


ERR 


5.3 


9.2 


11.7 


5.3 


5.3 


13 f 8 


ns 


tPHL 


5.2 


9.6 


12.1 


5.2 


5.2 


14.5 


tPLH 


PARITY 


ERR 


2.8 


6 


7.6 


2.8 


2.8 


9.4 


ns 


tPHL 


3.5 


6.4 


8 


3.5 


3.5 


9.4 


tpZH 


OE 


A, B, PARITY, or ERR 


1.3 


3.8 


5.6 


1.3 


1.3 


6.6 


ns 


tpZL 


1.9 


4.4 


7 


1.9 


1.9 


8.2 


tPHZ 


OE 


A, B, PARITY, or ERR 


3.1 


5.1 


7 


3.1 


3.1 


7.6 


ns 


tPLZ 


3.4 


5.4 


7.6 


3.4 


3.4 


8.1 
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SN54ABT657, SN74ABT657 
OCTAL TRANSCEIVERS WITH PARITY GENERATORS/CHECKERS 

AND 3-STATE OUTPUTS 

D3694, JANUARY 1991 - REVISED OCTOBER 1992 

PARAMETER MEASUREMENT INFORMATION 



From Output _ 



Under Test 
Cl = 50 pF 
(see Note A) 



500 Q 

-AAA/ — 



500 ft 



7V 



S1 



O Open 
Q GND 



TEST 


S1 


tPLHtPHL 
tPLZ^PZL 
tPHZflpZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
OV 



Input 
(see Note B) 



Output 



Output 



ZX 1 - 5V )£El 



3V 
OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL->j k- | 

' tpLZ -H L 



\L«v V — 

\ / VQL + 0-3V 



tpZH -*| |4- 



tpHZ"^ |4- 



3V 
0V 

3.5 V 

vol 



; \ 



« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT821,SN74ABT821 
10-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D3779, FEBRUARY 1991 - REVISED JULY 1993 



State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V 
Per MIL-STD-883C, Method 3015 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-1 7 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA \ 0H , 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT821 . . . JT PACKAGE 
SN74ABT821 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



description 




SN54ABT821 . . . FK PACKAGE 
(TOP VIEW) 

Q Q |W O 8o O 

W t- |0 Z > r- CM 



y i ii ii ii ii ii ii i — 

4 3 2 1 28 27 26 r 
3D ] 5 25[ 3Q 

4D ] 6 24[ 4Q 

5D ] 7 23[ 5Q 

NC ] 8 22[ NC 

6D]9 21[6Q 

7D ] 10 20[ 7Q 

8D ] 11 19[ 8Q 

12 13 14 15 16 1718 

nnnnnnn 



Q Q Q 
Z 

o 



o * a a 



These 10-bit flip-flops feature 3-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing wider buffer 
registers, I/O ports, bidirectional bus drivers with 
parity, and working registers. 

The ten flip-flops are edge-triggered D-type 
flip-flops. On the positive transition of the clock 
(CLK) input, the device provides true data at the Q 
outputs. 

A buffered output-enable (OE) input can be used 
to place the ten outputs in either a normal logic 
state (high or low level) or a high-impedance state. 
In the high-impedance state, the outputs neither 
load nor drive the bus lines significantly. The 
high-impedance state and increased drive provide 
the capability to drive bus lines without need for 
interface or pullup components. 

The output-enable (OE) input does not affect the internal operations of the latch. Previously stored data can be 
retained or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT821 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT821 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT821 is characterized for operation from -40°C to 85°C. 



NC - No internal connection 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION - Copyright © 1993, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to _ . 

specifications per the terms of Texas Instruments standard warranty. TTr* *v AC* 

Production processing does not necessarily include testing of all \f f t,A/\^ 
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SN54ABT821, SN74ABT821 

10-BIT BUS-INTERFACE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

D3779, FEBRUARY 1 991 - REVISED JULY 1 993 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 
Q 


OE 


CLK 


D 


L 


t 


H 


H 


L 


T 


L 


L 


L 


HorL 


X 


Qo 


H 


X 


X 


z 



logic symbolt 



1 

OE 

CLK 



13 



EN 

> C2 



1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 
9D 
10D 



2 


2D V 


23 


3 


22 




4 




21 




5 


20 




6 


19 




7 


18 




8 




17 




9 




16 




10 


15 




11 















TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

logic diagram (positive logic) 



OE 



CLK 



1D 



13 



> C1 
1D 



1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
70 
80 
90 
10Q 



23 



1Q 



— v 

To Nine Other Channels 



Pin numbers shown are for the DB, DW, JT, and NT packages. 
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SN54ABT821,SN74ABT821 
10-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D3779, FEBRUARY 1991 - REVISED JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x * -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT821 96 mA 

SN74ABT821 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) _5 ° mA 

Maximum power dissipation at Ta = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the "recommended operating conditions" section of 
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT821 


SN74ABT821 


UNIT 






MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


. U8 


0.8 


V 


V| 


Input voltage 


0 , 


;v cc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


; v 10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or ■.• 

design phase of development. Characteristic data and other ^Ef& 

specifications are design goals. Texas Instruments reserves the right to wV& TV?"\/" ac 

change or discontinue these products without notice. \j p r H J X/\^ 
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SN54ABT82VSN74ABT821 

10-BIT BUS-INTERFACE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

D3779, FEBRUARY 1991 - REVISED JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT821 


SN74ABT821 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C C = 4.5V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vec = 4 -5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vqc = 5 V ' , OH = "3 mA 


3 


3 


3 


V C C = 4.5V, l 0 H = -24mA 


2 


2 




VQC = 4.5 V, Ioh = -32 mA 


2t 




2 


vol 


V C C = 4.5V, l 0 L = 48mA 


0.55 


0.55 




V 


VQC = 4.5 V, l 0 L = 64 mA 


0.55* 




0.55 


ii 


V C c = 5.5 V, V| = V C c or GND 


±1 


?*t- 


±1 


uA 


'OZH 


V C C = 5.5 V, Vo = 2.7 V 


50 


#50 
-4 


50 




'OZL 


Vqc = 5.5 V, Vo = 0.5 V 


-50 


K, -50 


—50 


uA 

fXM 


■off 


Vcc = °> V|orVo<4.5V 


±100 





±100 


uA 




V C C = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 

# _ 


50 


uA 


io § 


Vqc = 5.5 V, Vq = 2.5 V 


-50 -140 -180 


x -50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5V, l O = 0, 
V| - Vqc or GND 


Outputs high 


1 250 


250 


250 


uA 


Outputs low 


24 38 


38 


38 


mA 


Outputs disabled 


0.5 250 


250 


250 


uA 


Alec 11 


Vqc = 5-5 V, One input at 3.4 V, 
Other inputs at Vqc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


4 






PF 


Co 


Vq = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vqc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vqc ° r GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5V, 
T A = 25°C 


SN54ABT821 


SN74ABT821 


UNIT 


MIN MAX 


MIN JpX 


MIN MAX 


fclock Clock frequency 


0 125 


0#125 


0 125 


MHz 


t w Pulse duration, CLK high or low 


High 


2.9 


2 — ' " 


2.9 


ns 


Low 


3.8 




3.8 


t su Setup time, data before CLKt 


2.1 




2.1 


ns 


t n Hold time, data after CLKt 


1.3 


C 1.3 


1.3 


ns 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT821,SN74ABT821 
10-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D3779, FEBRUARY 1991 - REVISED JULY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
Ta = 25°C 


SN54ABT821 


SN74ABT821 


UNIT 




MIN 


TYP 


MAX 


MIN MAX 


MIN 


MAX 




fmax 






125 


125 A 


125 


MHz 


tPLH 


CLK 


Q 


1.6t 


4.1 


5.6 


1.6T £.9 


1.6T 


6.2 


ns 


tPHL 


2.lt 


4.6 


6.2 


2.1 1 J/ 6.9 


2.lt 


6.7 


tpZH 


OE 


Q 


1 


3 


4.5 




1 


5.3 


ns 


tpZL 


2.2 


4.1 


5.6 


$f 6.4 


2.2 


6.3 


tpHZ 


OE 


Q 


2.7 


4.7 


6.2 


rZ7 6.9 


2.7 


6.7 


ns 


tPLZ 


1.7T 


4.6 


6.1 


Art 7 


1.7+ 


6.5 



tThis data sheet limit may vary among suppliers. 



PRODUCT PREVIEW information concerns products in the formative or m 

design phase of development Characteristic data and other ^Kf JL __ 

specifications are design goals. Texas Instruments reserves the right to wV& TVv A o 

change or discontinue these products without notice. >j ItvV/Vo 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 , 2-175 



SN54ABT821, SN74ABT821 

10-BIT BUS-INTERFACE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

D3779, FEBRUARY 1 991 - REVISED JULY 1 993 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

~ 7V 



500 a 

— AA/V- 



500 a 



O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZflpZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



-t w - 



" — \y v — 

Input 1-5V* t<1.5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3 V 
OV 



Input 
(see Note B) 



Output 



Output 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



as X i5v ^ 



tpZL 



Output 
Waveform 1 
S1at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZH 



1 tpLZ -*j |<- 



\l.5V j Y 

A / VQL + 0-3V 



tpHZ">l j^- 



3V 
0V 

3.5 V 

vol 



/l.5V .\VOH-^ 



* 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zrj = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the dutput is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT823, SN74ABT823 
9-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

SCBS158 - D3695, JANUARY 1991 - REVISED DECEMBER 1992 



State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

High-Drive Outputs (-32-mA I 0 h> 
64-mAlQL) 

Buffered Control Inputs to Reduce 

DC Loading Effects 

Package Options Include Plastic 

Small-Outline (SOIC) and Shrink 

Small-Outline (SSOP) Packages, Ceramic 

Chip Carriers, and Plastic and Ceramic 

DIPs 



SN54ABT823 . . . JT PACKAGE 
SN74ABT823 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



description 



These 9-bit flip-flops feature 3-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing wider buffer 
registers, I/O ports, bidirectional bus drivers with 
parity, and working registers. 



]v cc 
]1Q 




SN54ABT823 . . . FK PACKAGE 
(TOP VIEW) 

CM i- IO Z > t- W 



> I I I II I I II I I I I I — 

4 3 2 1 28 27 26 _ 
3D ] 5 25[ 3Q 

4D ] 6 24[ 4Q 

5D ] 7 23[ 5Q 

NC ] 8 22[ NC 

6D ] 9 21 [ 6Q 

7D ] 10 20[ 7Q 

8D ] 11 19[ 8Q 

12 13 14 15 16 1718 

I nnnnnnn I 



QIDC Q O * 
o> U Z Z tJ 

lo o o 



^ o 

111 O) 



NC - No internal connection 



With the clock-enable (CLKEN) input low, the nine 
D-type edge-triggered flip-flops enter dat a on the 
low-to-high transitions of the clock. Taking CLKEN 
high will disable the clock buffer, thus latching the 
outputs. The 'ABT823 h as no ninverting data (D) 
inputs. Taking the clear (CLR) input low causes 
the nine Q outputs to go low independently of the 
clock. 

A buffered output-enable (OE) input can be used to place the nine outputs in either a normal logic state (high 
or low level) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive the bus 
lines significantly. The high-impedance state and increased drive provide the capability to drive bus lines without 
need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operations of the latch. Previously stored data can be 
retained or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT823 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 
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SN54ABT823, SN74ABT823 

9-BIT BUS-INTERFACE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS158 - D3695, JANUARY 1991 - REVISED DECEMBER 1992 



description (continued) 

The SN54ABT823 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT823 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each flip-flop) 



logic symbolt 



OE 
CLR 
CLKEN 
CLK 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 
9D 



INPUTS 


OUTPUT 


OE 


CLR 


CLKEN 


CLK 


D 


Q 


L 


L 


X 


X 


X 


L 


L 


H 


L 


t 


H 


H 


L 


H 


L 


t 


L 


L 


L 


H 


H 


X 


X 


Qo 


H 


X 


X 


X 


X 


Z 



1 N 


EN 

R 

G1 

> 1C2 

h r 


23 


11 IN 


14 rs 


13 


2 


2D V 


3 


22 




4 




21 




5 




20 




6 




19 




7 




18 




8 




17 




9 




16 




10 




15 











1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
7Q 
8Q 
9Q 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and I EC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 
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SN54ABT823, SN74ABT823 
9-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

SCBS158 - D3695, JANUARY 1991 - REVISED DECEMBER 1992 



logic diagram (positive logic) 




To Eight Other Channels 

Pin numbers shown are for the DB, DW, JT, and NT packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q\ SN54ABT823 96 mA 

SN74ABT823 128 mA 

Input clamp current, l|K ( v l < 0) -18 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1 .3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the "recommended operating conditions" section of 
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT823, SN74ABT823 

9-BIT BUS-INTERFACE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS158 - D3695, JANUARY 1991 - REVISED DECEMBER 1992 



recommended operating conditions (see Note 2) 







SN54ABT823 


SN74ABT823 


UNIT 






MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT823 


SN74ABT823 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, f | = —18 mA 


-1.2 


-1.2 


-1.2 


V 


V 0 H 


V C C = 4.5 V, IOH = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = "3 mA 


3 


3 


3 


VCC = 4-5V, Iqh = -24 mA 


2 


2 




Vcc = 4-5 V, Iqh = -32 mA 


2* 




2 


vol 


Vcc = 4-5V, IOL = 48mA 


0.55 


0.55 




V 


V C c = 4.5 V, IOL = 64mA 


0.55* 




0.55 


ii 


Vcc = 5-5 V, V| = Vcc o r GND 


±1 


±1 


±1 


HA 


iOZH 


Vcc = 5.5 V, Vq = 2.7V 


10§ 


10§ 


10§ 




'OZL 


Vcc = 5.5 V, V O = 0.5V 


-10§ 


-10§ 


-10§ 


■ma 


*Off 


Vcc = 0> V|orVQ<4.5V 


±100 




±100 


HA 


•CEX 


Vcc = 5-5V, Vq = 5.5V Outputs high 


50 


50 


50 


^ 


lO 11 


Vcc = 5-5 V, Vq = 2.5 V 


-50 -140 -180 


-50 -180 


-50 -180 


mA 


'CC 


V C C = 5.5 V, "0 = 0, 
V|- V C c or GND 


Outputs high 


1 250 


250 


250 


jiA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


HA 


AI C C # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V|= 2.5 V or 0.5 V 








PF 


C 0 


Vq = 2.5 V or 0.5 V 








PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ This data sheet limit may vary among suppliers. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT827, SN74ABT827 
10-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS159A- D3696, JANUARY 1991 - REVISED JUNE 1993 



State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Flow-Through Architecture Optimizes 
PCB Layout 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA \ 0H , 
64-mAI OL ) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT827 . . . JT PACKAGE 
SN74ABT827 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



OE1 [ 


1 


^ 24 


]v cc 


A1[ 


2 


23 


]Y1 


ao r 

A2L 


3 


22 


J Y2 


A3[ 


4 


21 


] Y3 


A4[ 


5 


20 


] Y4 


A5[ 


6 


19 


]Y5 


A6[ 


7 


18 


] Y6 


A7[ 


8 


17 


]Y7 


A8[ 


9 


16 


]Y8 


A9[ 


10 


15 


] Y9 


A10[ 


11 


14 


] Y10 


GND[ 


12 


13 


]OE2 



description 



SN54ABT827 . . . FK PACKAGE 
(TOP VIEW) 



y- |LU O 

<lo z 



o 

O t- C\J 

> > > 



A3 ]5 
A4 ]6 
A5 V 
NC ]8 
A6 ]9 
A7 ] 10 
A8 ]11 



4 3 2 1 28 27 26 



12 13 14 15 16 1718 



25 [ Y3 
24 [ Y4 
23 [ Y5 
22 [ NC 
21 [ Y6 
20 [ Y7 
19[ Y8 



These 10-bit buffers or bus drivers provide a 
high-performance bus interface for wide data 
paths or buses carrying parity. 

The 3-state control gate is a 2-input AND gate with 
active -lo w inp uts so that if either output-enable 
(OE1 or OE2) input is high, all ten outputs are in 
the high-impedance state. The 'ABT827 provides 
true data at its outputs. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vcc 
through a pullup resistor- the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN74ABT827 is available in Tl's shrink 
small-outline package (DB), which provides the 
same I/O pin count and functionality of standard 
small-outline packages in less than half the 
printed-circuit-board area. 

The SN54ABT827 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT827 is characterized for operation from -40°C to 85°C. 



^ < § z lo > * 

NC - No internal connection 



FUNCTION TABLE 



INPUTS 


OUTPUT 


OE1 


OE2 


A 


Y 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


Z 


X 


H 


X 


Z 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION — Copyright © 1 993, Texas Instruments Incorporated 
DATA information current as of publication date. Products conform to i/1 

specifications per the terms of Texas Instruments standard warranty. wV9 Tr?V AC* 

Production processing does not necessarily include testing of all If f r.X AN 
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SN54ABT827, SN74ABT827 
10-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS159A- D3696, JANUARY 1991 - REVISED JUNE 1993 



logic symbolt 



OE1 
OE2 



A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 



1 N 


& 


EN 


13 IS 









2 


1 v 


23 


3 


22 




4 




21 




5 


20 




6 




19 




7 




18 




8 




17 




9 




16 




10 




15 




11 




14 











Y1 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 
Y8 
Y9 
Y10 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 

and IEC Publication 61 7-1 2. 
Pin numbers shown are for the DB, DW, JT, and the NT packages. 



logic diagram (positive logic) 



OE1 
OE2 



A1 



23 



Y1 



To Nine Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, Vco — • • ~ 0 - 5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT827 96 mA 

SN74ABT827 128 mA 

Input clamp current, I|k ( v l < °) mA 

Output clamp current, Iqk ( v O < °) ■ ~~ 50 mA 

Maximum power dissipation at TX = 55°C (in still air): DB package 0.7 W 

DW package . . 1 W 

NT package 1.3 W 

Storage temperature range — -65°C to 1 50°C 



$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



^ Texas 
Instruments 

2-182 POST OFFICE BOX ©55303 •DALLAS, TEXAS 75265 



SN54ABT827, SN74ABT827 
10-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS159A- D3696, JANUARY 1991 - REVISED JUNE 1993 



recommended operating conditions (see Note 2) 





SN54ABT827 


SN74ABT827 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


4.5 5.5 


4.5 5.5 


V 


V|(-j High-level input voltage 


2 Jj? 


2 


V 


V||_ Low-level input voltage 


^6.8 
# 


0.8 


V 


V| Input voltage 


ocvee 


0 V C C 


V 


Iqh High-level output current 


# ~ 24 


-32 


mA 


lOL Low-level output current 


J? 48 


64 


mA 


At/Av Input transition rise or fall rate 




^ 1 


5 


ns/V 


Ta Operating free-air temperature 


-55 125 


-40 85 


°C 


NOTE 2: Unused or floating inputs must be held high or low. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT827 


SN74ABT827 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1 .2 


-1.2 


V 


VOH 


V C C = 4.5 V, l 0 H = -3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, Iqh = -3 mA 


3 


3 


3 


Vcc = 4.5 V, Iqh = -24 mA 


2 


2 




VCC = 4-5 V, Iqh = -32 mA 


2* 




2 


vol 


Vcc = 4.5 V, loL = 48mA 


0.55 


0.55 




V 


Vcc = 4.5 V, l 0 L = 64mA 


0.55* 




0.55 


ii 


Vcc = 5.5 V, V| = Vcc or GND 


±1 




±1 


liA 


"OZH 


Vcc = 5.5 V, Vq = 2.7V 


10§ 


— 


10§ 


HA 


•OZL 


Vcc = 5.5 V, Vo = 0.5V 


-10§ 


C - 10 


-10§ 


jiA 


'off 


Vcc = 0. V|orVQ^4.5V 


±100 


s 


^ ±100 


|iA 


•CEX 


Vcc = 5.5 V, Vq = 5.5 V Outputs high 


50 




50 


|iiA 


lO 11 


Vcc = 5-5 V, V 0 = 2.5 V 


-50 -140 -225§ 


MO -225§ 
-4 


-50 -225§ 


mA 


'cc 


Vcc = 5.5 V, l 0 = 0, 
V| = V C c or G ND 


Outputs high 


80 250 


250 


250 


|LlA 


Outputs low 


35 40§ 


40 


40§ 


mA 


Outputs disabled 


80 250 


250 


250 


|iA 


Alec* 


V C C = 5.5 V, 

One input at 3.4 V, 

Other inputs at Vcc or GND 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


50 


50 


50 


.jiA 


Control inputs 


1,5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


4 






PF 


Co 


V 0 = 2.5 V or 0.5 V 


8 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ This data sheet limit may vary among suppliers. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT827, SN74ABT827 
10-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS159A- D3696, JANUARY 1991 - REVISED JUNE 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1 ) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5V, 
T A = 25°C 


SN54ABT827 


SN74ABT827 


UNIT 




MIN 


TYP 


MAX 


MIN 


W 


MIN MAX 




tPLH 


A 


Y 


1.1 


2.6 


4.4 


1.1 




1.1 


4.8 


ns 


tPHL 


1.1 


2.3 


4.1 


1.1 #4.8, 


1.1 


4.7 


tPZH 


OE 


Y 


1T 


3.2 


5.1 




6 


It 


5.9 


ns 


tPZL 


It 


3.3 


5.9 




7.1 


It 


6.9 


tPHZ 


OE 


Y 


2 


4.9 


6.3 


— 6? 

'*/ 2 


7 


2 


6.8 


ns 


tPLZ 


1.3t 


4.2 


6.6 


^ 1.3 


7.9 


1.3t 


6.9 



t This data sheet limit may vary among suppliers. 
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SN54ABT827, SN74ABT827 
10-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS159A- D3696, JANUARY 1991 - REVISED JUNE 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output _ 



Under Test 
C|_ = 50 pF 
(see Note A) 



500 Q 



500 ft 



7V 



O Open 
9 GND 



TEST 


S1 


tPLH^PHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



' nPUt 15V ^"" ^1.5 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



tsu 



,5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
i Note B) 



Output 



Output 



ZX 15V XEI 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



*PZL -►I k- 



tPLZ 
1.5 V 



3V 
0V 

3.5 V 



*PZH -*| |4- 

I 



| tpHZ -*l f~ 



J^Tv vol 



V O H-0.3V 



VOH 



0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. * 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT828, SN74ABT828 
10-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3780, FEBRUARY 1991 - REVISED OCTOBER 1992 



State-of-the-Art EPIC-\\B M BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Flow-Through Architecture Optimizes 
PCB Layout 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard J ESD- 17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA Iqh> 
64-mAI OL ) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DiPs 



SN54ABT828 . . . JT PACKAGE 
SN74ABT828 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



description 



OE1 [ 
A1[ 
A2[ 
A3[ 
A4[ 
A5[ 
A6[ 
A7[ 
A8[ 
A9[ 

A10[ 
GND[ 



1 U 24]V CC 
23 ] Y1 
22 ] Y2 
21 ] Y3 
20 ] Y4 
19]Y5 
18]Y6 
17 ] Y7 
16]Y8 
15 ] Y9 
14 ] Y10 
13]OE2 



SN54ABT828 . . . FK PACKAGE 
(TOP VIEW) 



CM t- | _ 

< <lo 



111 o 



o 

O t- CM 
> > > 



A3 
A4 
A5 
NC 
A6 
A7 
A8 



4 3 2 1 28 27 26 



] 5 "* " " ' fc 25pY3 

] 6 24[ Y4 

] 7 23[ Y5 

] 8 22[ NC 

] 9 21 [ Y6 

10 20[ Y7 

11 19[ Y8 
12 13 14 15 16 1718 

nnnnnnn I 



These 10-bit buffers and bus drivers provide a 
high-performance bus interface for wide data 
paths or buses carrying parity. 

The 3-state control gate is a 2-input AND gate with 
active -lo w inp uts so that if either output-enable 
(OE1 or OE2) input is high, all ten outputs are in 
the high-impedance state. The 'ABT828 provides 
inverting data at its outputs. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vqc 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN74ABT828 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT828 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT828 is characterized for operation from -40°C to 85°C. 



5 O Q OICM O 05 

< < § 2 lo > > 



NC - No internal connection 



EPIC-IIB is a trademark of Texas Instruments incorporated. , , 

PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 992, Texas Instruments Incorporated 

design phase of development Characteristic data and other 111 
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SN54ABT828, SN74ABT828 
10-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3780, FEBRUARY 1991 - REVISED OCTOBER 1992 



FUNCTION TABLE 



INPUTS 


OUTPUT 


Oil 


OE2 


A 


Y 


L 


L 


L 


H 


L 


L 


H 


L 


H 


X 


X 


Z 


X 


H 


X 


z 



logic symbolt 



OE1 
OE2 

A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 



1 rs 


& 


EN 


13 IS 









logic diagram (positive logic) 

1 



10 



11 



23 



N 


22 




21 


20 


S 


19 


X 


18 




17 




s 


15 


s 


14 



Y1 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7 
Y8 
Y9 
Y10 



A1 



23 



Y1 



To Nine Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc ■ • • • ■ • ■ • • ■ V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT828 96 mA 

SN74ABT828 128mA 

Input clamp current, l|j< (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■ • -50 mA 

Maximum power dissipation at TX = 55°C (in still air): DB package 0.7 W 

NT package 1.3 W 

DW package 1 W 

Storage temperature range ... -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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10-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3780, FEBRUARY 1991 - REVISED OCTOBER 1992 



recommended operating conditions (see Note 2) 







SN54ABT828 


SN74ABT828 


UNIT 






MIN 


MAX 


MIN 


MAX 


V CC 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


Will 

V IH 


myi i"ievoi input vuiiayc 


2 


2 


\j 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


IA - *o v 




On 1 HMO 1 o&o 


UNIT 


MIN TYPT MAY 
iviiw i ir ' ivi#*w 


MIN MAY 

■VI 1 111 IVIM/V 


MIN MAY 

1 Villi IVIM^V 




Vcc = 4.5 V, l| = -18mA 


-1.2 


-1 .2 


-1 .2 


v 


VOH 


V C C = 4.5 V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


VCC = 5 V, l OH = -3 mA 


3 


3 


3 


Vcc = 4.5 V, l0H = -24mA' 


2 


2 




Vcc = 45 V, l 0 H = -32mA 


2* 




2 


vol 


Vcc = 4-5 V, lOL = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55+ 




0.55 


h 


V CC = 5.5 V, V| = V C c or GND 


±1 


±1 


±1 


uA 


•OZH 


V C C = 5.5 V, V 0 = 2.7V 


50 


50 


50 


uA 


»OZL 


Vcc = 5.5 V, Vq = 0.5 V 


-50 


-50 


-50 


^A 


'off 


Vcc = °> v i or Vq ^ 4.5 V 


±100 




±100 


UA 


'CEX 


Vcc = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


uA 


io § 


Vcc = 5.5 V, Vq = 2.5V 


-50 -140 -180 


-50 -180 


-50 -180 


mA 


»CC 


Vcc = 5.5 V, '0 = 0. 
V|- Vcc or GND 


Outputs high 


1 250 


250 


250 


HA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


uA 


Alec 11 


V C C = 5.5 V, 

One input at 3.4 V, 

Other inputs at Vcc or GND 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


50 


50 


50 


HA 


Control inputs 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5Vor 6.5 V 


4 






PF 


Co 


V 0 = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABT828 


SN74ABT828 


UNIT 




MIN 


TYP 


MAX 


MIN MAX 


MIN 


MAX 




tPLH 


A 


Y 


1.1 


3 


4.4 


1.1 


1.1 


4.8 


ns 


tPHL 


1.1 


2.9 


4.1 


1.1 


1.1 


4.7 


tpZH 


OE 


Y 


1.6 


3.7 


5.1 


1.6 


1.6 


5.9 


ns 


tpZL 


2.6 


4.6 


5.9 


2.6 


2.6 


6.9 


tPHZ 


OE 


Y 


2 


4.8 


6.3 


2 


2 


6.8 


ns 


tPLZ 


2.5 


5.1 


6.6 


2.5 


2.5 


6.9 



3} 
O 

a 
c 
o 

H 

"0 

J3 

m 
< 

m 
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SN54ABT828, SN74ABT828 
10-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3780, FEBRUARY 1991 - REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF ^ 
(see Note A) 



500 Q 

-AAA — 



500 ft 



o 7V 
$y O Open 
9 GND 



TEST 


S1 


tPLHtPHL 
tPLZflpZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



t w - 



. — y v — 

Input 1-5Vit A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



} (i. 5 y 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3 V 
0V 



Input 
(see Note B) 



Output 



Output 



tpLH-J* ►[ 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see NoteC) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL-^ k- | 

' tPLZ K" 

\l.5V \S 

\ , / VOL+1-3V 



| tPHZ 
tpZH -*| |*~ 



3V 
0V 

3.5 V 

vol 



^ - ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT833, SN74ABT833 
8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 



D3781 , FEBRUARY 1991 - REVISED OCTOBER 1992 



State-of-the-Art EPIC-UB ™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-1 7 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V CC = 5 V, T A = 25°C 

High-Drive Outputs (-32-mA I 0 h> 
64-itiAIol) 

Parity Error Flag With Parity 
Generator/Checker 

Register for Storage of the Parity Error Flag 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



SN54ABT833 . . . JT PACKAGE 
SN74ABT833 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



OEAril U 24hv cc 



A1 [ 2 
A2[ 3 
A3[ 4 
A4[ 5 
A5[ 6 
A6[ 7 
A7[ 8 
A8 [ 9 
ERR [ 10 
CLR[ 11 
GND[ 12 



23]B1 
22 ] B2 
21 ] B3 
20]B4 
19]B5 
18]B6 
17]B7 
16]B8 
15 ] PARITY 
14 ] OEB 
13 ] CLK 



SN54ABT833 . . . FK PACKAGE 
(TOP VIEW) 



2 



l< O 
r- UJ O O i— CM 
< O Z > CD CO 



A3 ] 5 
A4 ] 6 
A5 ] 7 
NC ] 8 
A6 ] 9 
A7 ] 10 
A8 ] 11 



4 3 2 1 28 27 26 



12 13 14 15 16 1718 

nnnnnnn 



25 [ B3 
24 [ B4 
23[ B5 
22 [ NC 
21 [ B6 
20 [ B7 
19[ B8 



IccIdc Q o * loo 

k L-J Z Z ^ h 

ujIo o ° lo 



NC - No internal connection 



The 'ABT833 8-bit to 9-bit parity transceiver is 
designed for communication between data buses. 
When data is transmitted from the A bus to the B 
bus, a parity bit is generated. When data is 
transmitted from the B bus to the A bus with its 
correspondi ng p arity bit, the open-collector 
parity-error (ERR) output indicates whether or not 
an error in t he B d ata h as occurred. The 
output-enable (OEA and OEB) inputs can be used 
to disable the device so that the buses are 
effectively isolated. The 'ABT833 provides true 
data at its outputs. 

A 9-bit p arity g enerator/checker generates a parity-odd (PARITY) output and monitors the parity of the I/O ports 
with the ERR flag. The parity-error output is clocked into the reg ister on the rising edge of the cloc k (CL K) input. 
The error flag register is cleared with a low pulse on the clear (CLR) input. When both OEA and OEB are low, 
data is transferred from the A bus to the B bus and inverted parity is generated. Inverted parity is a forced error 
condition that gives the designer more system diagnostic capability. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT833 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT833 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT833 is characterized for operation from -40°C to 85°C. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 

PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 992, Texas Instruments Incorporated 

design phase of development. Characteristic data and other W arn __ 

specifications are design goals. Texas Instruments reserves the right to wVW Tcvat 

change or discontinue these products without notice. \j I r.X AvS 
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SN54ABT833, SN74ABT833 

8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 

D3781, FEBRUARY 1991 - REVISED OCTOBER 1992 



FUNCTION TABLE 



INPUTS 


OUTPUT AND I/O 




OEB 


OEA 


CLR 


CLK 


Ai 

ZOF H's 


Bit 
Z OF H's 


A 


B 


PARITY 


ERR* 


FUNCTION 


L 


H 


x 


X 


Odd 
Even 


NA 


NA 


A 


L 
H 


NA 


A data to B bus and 
generate parity 


H 


L 


H 


t 


NA 


Odd 
Even 


B 


NA 


NA 


H 
L 


B data to A bus and 
check parity 


X 


X 


L 


X 


X 


X 


X 


NA 


NA 


H 


Check error flag register 






H 


Not 


X 










NC 




H 


H 


L 
H 
H 


Not 

t 
t 


X 
Odd 
Even 


X 


Z 


Z 


Z 


H 
H 
L 


lsolation§ 


L 


L 


X 


X 


Odd 


NA 


NA 




H 


NA 


A data to B bus and 








Even 


A 


L 


generate inverted parity 



NA = not applicable, NC = no change, X = don't care 

t Summation of high-level inputs in clude s PARITY along with Bi inputs. 

t Output states sh own a ssume the ERR output was previously high. 

§ In this mode, the ERR output (when clocked) shows inverted parity of the A bus. 

logic symbofll 



CLK 
CLR 
OEA 
OEB 

A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 



13 



14 



> CLK 
CLR 
OEA 
OEB 

1 



ERR& 

PARITY 
1 



V < A Bus>< B Bus> V 



10 



15 



23 
22 
21 
20 
19 
18 
17 
16 



ERR 

PARITY 

B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 



HThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 
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logic diagram (positive logic) 



A1-A8 «— * / f- 



OEB * 



OEA 



CLK 
CLR 



4> 



V 
EN 



8x< 



8x> 



EN 



t V 



V < o 



v «- 



B1-B8 



MUX 



2k 




C R 



PARITY 



ERR 



ERROR FLAG FUNCTION TABLE 



INPUTS 


INTERNAL 
TO DEVICE 


OUTPUT 
PRE-STATE 


OUTPUT 
ERR 


FUNCTION 


CLR CLK 


POINT "P" 


ERRn^t 




H t 


H 


H 


H 




H T 


X 


L 


L 


Sample 


H t 


L 


X 


L 




L X 


X 


X 


H 


Clear 



t The state of the ERR output before any changes at CLR, CLK, or point "P". 
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error-flag waveforms 



OEB • 



OEA • 



Bi + PARITY - 



CLK ■ 



CLR- 



ERR- 



N ^ 



U- t h 



Even 
Odd 



tPHL 



I t k-w t s 



J L 



tPLH 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc ■ ■ • ■ • -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT833 96 mA 

SN74ABT833 128 mA 

Input clamp current, Ijk(V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■ ■ ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 









SN54ABT833 


SN74ABT833 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


V 0 H 


High-level output voltage 


ERR 


5.5 


5.5 


V 


'OH 


High-level output current 


Except ERR 


-24 


-32 


mA 


"OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


5 


5 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT833 


SN74ABT833 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4.5 V, l 0 H=-3mA 


All outputs 
except ERR 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Ioh = -3 mA 


3 


3 


3 


Vcc = 4.5 V, loH = -24mA 


2 


2 




Vcc = 4.5 V, IOH = -32mA 


2* 




2 


vol 


Vcc = 4.5 V, loL = 24mA 


0.55 


0.55 




V 


Vcc = 4.5 V, lQL = 64mA 


0.55* 




0.55 


•oh 


Vcc = 4.5 V, Voh = 5.5 V 


ERR 










h 


V C C = 5.5 V, 
V| = Vcc or G ND 


Control inputs 


±1 


±1 


±1 


H A 


A or B ports 


±100 


±100 


±100 


'IL 


Vcc = 0. v | = GND 


A or B ports 


-50 


-50 


-50 


jxA 


'OZH§ 


Vcc = 5.5 V, Vo = 2.7V 


50 


50 


50 


|XA 


•OZL § 


V C C = 5-5 V, V 0 = 0.5 V 


-50 


-50 


-50 


|XA 


'off 


Vcc = °> v i or Vo < 4.5 V 


±100 




±100 


uA 


'CEX 


Vcc = 5.5 V, Vq = 5.5V Outputs high 


50 


50 


50 


^A 




Vcc = 5-5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o. 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


1 250 


250 


250 


|iA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


jxA 


Alcc # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


50 


50 


50 


|xA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 








PF 


Cj 0 


Vo = 2.5 V or 0.5 V 


A or B ports 








PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters Iozh and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5 V, 
T A = 25°C 


oN54AdTo33 


SN74ABT833 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t w Pulse duration 


CLK high 








ns 


CLK low 


3 


3 


3 


CLR low 


3 


3 


3 


t S u Setup time before CLKT 


A port 








ns 


CLR 








th Hold time after CLKt 


A port 








ns 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT833 


SN74ABT833 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


tPLH 


AorB 


B or A 








ns 


tPHL 








tPZH 


OE 


AorB 








ns 


tPZL 








tPHZ 


OE 


AorB 








ns 


tPLZ 








tPLH 


AorOE 


PARITY 








ns 


tPHL 








tPLH 


CLR 


ERR 


4.4 




5.2 


ns 


tpHL 


CLK 


5.7 




6.2 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



o 



7V 



500 ft 

— A/W— 



O Open 
? GND 



500 ft 



LOAD CIRCUIT FOR OUTPUTS 



Input 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



TEST 


S1 


tPLH*PHL 
tPLZ/lpZL 
tPHZ^PZH 


Open 
7V 
Open 



ERR 


S1 


tpHL (see Note E) 
tpLH (see Note F) 


7V 
7V 



f su 



4 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
OV 



3V 
OV 




Output 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
Stat Open 
(see Note C) 



tPZL -►) 



1.5 V 



'tpLZHJ 



\l.5V Y 



tpZH -*| |«- 



■t 

| tPHZ -*!. 



VQH-0.3V 



3V 
OV 

3.5 V 

vol 

VOH 

« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Z§ = 50 ft, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 
E - tpHL is measured at 1 .5 V. 

F. tpm is measured at Vql + °- 3 v - 



Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT841,SN74ABT841 
10-BIT BUS-INTERFACE D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

D3783, FEBRUARY 1991 - REVISED OCTOBER 1992 



State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA I 0 h> 
64-mAloL) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT841 . . . JT PACKAGE 
SN74ABT841 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



description 



1 


24 


2 


23 


3 


22 


4 


21 


5 


20 


6 


19 




18 


8 


17 


9 


16 


10 


15 


11 


14 


12 


13 



] 1Q 

]2Q 

]3Q 

]4Q 

]5Q 

]6Q 

]7Q 

]8Q 

]9Q 

] 10Q 

]LE 



SN54ABT841 . . . FK PACKAGE 
(TOP VIEW) 

Q Q |W O 8o O 

CM -r- IO Z > i- CM 



I II II II II II II I 

^ 4 3 2 1 28 27 26 _ 
3D ] 5 25[ 3Q 

4D ] 6 24[ 4Q 

] 7 23 [ 5Q 

] 8 22[ NC 

] 9 21 [ 6Q 

] 10 20 [ 7Q 

] 11 19[ 8Q 

12 13 14 15 16 1718 

nnnnnnn 



5D 
NC 
6D 
7D 
8D 



The 'ABT841 10-bit latch is designed specifically 
for driving highly capacitive or relatively 
low-impedance loads. It is particularly suitable for 
implementing buffer registers, I/O ports, 
bidirectional bus drivers, and working registers. 

The ten latches are transparent D-type latches. 
The device has noninverting data (D) inputs and 
provides true data at its outputs. 

A buffered output-enable (OE) input can be used 
to place the ten outputs in either a normal logic 
state (high or low levels) or a high-impedance 
state. In the high-impedance state, the outputs 
neither load nor drive the bus lines significantly. 
The high-impedance state and increased drive 
provide the capability to drive bus lines without 
need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operations of the latch. Previously stored data can be 
retained or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT841 is available in Tl's shrink small-outline package (DB), which provides the , same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT841 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT841 is characterized for operation from -40°C to 85°C. 



Q Q Q O LU O O 
o> o z z -J O O) 

"~ CD 1_ 

NC - No internal connection 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT841, SN74ABT841 

10-BIT BUS-INTERFACE D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

D3783, FEBRUARY 1991 - REVISED OCTOBER 1992 



FUNCTION TABLE 



INPUTS 


OUTPUT 
Q 


OE 


LE 


D 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Q 0 


H 


X 


X 


Z 



logic symbolt 



OE 
LE 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 
9D 
10D 



13 



EN 
C1 



2 


1D > V 


23 


3 


22 




4 




21 




5 




20 




6 




19 




7 




18 




8 




17 




9 




16 




10 


15 








14 











TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and I EC Publication 617-12. 

logic diagram (positive logic) 



OE 



LE 



1D 



13 



1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
7Q 
8Q 

90 
10Q 



C1 
1D 



23 



1Q 



To Nine Other Channels 



Pin numbers shown are for the DB, DW, JT, and NT packages. 
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SN54ABT841,SN74ABT841 
10-BIT BUS-INTERFACE D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

D3783, FEBRUARY 1991 - REVISED OCTOBER 1992 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT841 96 mA 

SN74ABT841 128 mA 

Input clamp current, l|K ( v i < 0) -18 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the "recommended operating conditions" section of 
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT841 


SN74ABT841 


UNIT 






MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT841, SN74ABT841 

10-BIT BUS-INTERFACE D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

D3783, FEBRUARY 1991 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TCPT r\IT"l ANMf* 

TEST CONDITIONS 


T A = 25°C 


SN54ABT841 


SN74ABT841 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V, K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1-2 


V 


v OH 


V C C = 4.5 V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, lOH = -3 mA 


3 


3 


3 


Vcc = 4.5 V, Iqh = ~ 24 mA 


2 


2 




Vcc = 4.5 V, loH = ~32mA 


2* 




2 


vol 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


«i 


VCC = 5-5 V, V| = Vcc or GND 


±1 


±1 


±1 


HA 


'OZH 


V C C = 5.5 V, Vq = 2.7 V 


50 


50 


50 


»A 


'OZL 


Vcc = 5.5 V, Vo = 0.5 V 


-50 


-50 


-50 


^iA 


'off 


Vcc = 0> V|orVQ<4.5V 


±100 




±100 


jiA 


'CEX 


Vcc = 55 V, V 0 = 5.5V 


Outputs high 


50 


50 


50 


|iA 


io § 


Vcc = 5.5 V, V 0 = 2.5V 


-50 -140 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, l O = 0, 
V|-V C C or GND 


Outputs high 


1 250 


250 


250 


liA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


\iA 


Alec 11 


V C C = 5.5 V, One input at 3.4 V 
Other inputs at Vcc or GND 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


50 


50 


50 


^iA 


Control inputs 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 








PF 


C 0 


Vq = 2.5 Vor0.5 V 








PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 







V C C = 5 V, 
Ta = 25°C 


SN54ABT841 


SN74ABT841 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 




t w Pulse duration, LE high or low 


3.8 


3.8 


3.8 


ns 


t su Setup time, data before LE4- 


High 


2.5 


2.5 


2.5 


ns 


Low 


1.5 


1.5 


1.5 


t n Hold time, data after LEl 


High 


1.5 


1.5 


1.5 


ns 


Low 


1 


1 


1 
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SN54ABT841,SN74ABT841 
10-BIT BUS-INTERFACE D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

D3783, FEBRUARY 1991 - REVISED OCTOBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT841 


SN74ABT841 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


D 


Q 


2.1 


4.1 


5.5 


2.1 


6.2 


2.1 


6.2 


ns 


tPHL 


2 


4 


. 5.4 


2 


6.1 


2 


6.1 


tPLH 


LE 


Q 


2.1 


4.1 


5.8 


2.1 


6.2 


2.1 


6.2 


ns 


tPHL 


2.8 


4.6 


6.2 


2.8 


6.7 


2.8 


6.7 


tPZH 


OE 


Q 


1 


3 


4.5 


1 


5.3 


1 


5.3 


ns 


tPZL 


2.2 


4 - 1 


5.6 


2.2 


6.3 


2.2 


6.3 


tPHZ 


OE 


Q 


2.7 


4.7 


6.2 


2.7 


7.1 


2.7 


7.1 


ns 


tPLZ 


2.8 


4.6 


6.1 


2.8 


6.5 


2.8 


6.5 



UJ 

> 

LU 
QC 
Q. 



O 
3 
Q 
O 

QC 
Ol 
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SN54ABT841, SN74ABT841 

10-BIT BUS-INTERFACE D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

D3783, FEBRUARY 1 991 - REVISED OCTOBER 1 992 



PARAMETER MEASUREMENT INFORMATION 



From Output _ 
Under Test 

C[_ = 50 pF 
(see Note A) 



500 a 

-AA/W 



500 Q 



o 7V 

O Open 
Q GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



-t w - 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



OV 



Timing Input 



Data Input 



1.5 V 



I* 



*su 



}(l.5V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



ZX isv XE 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



*PZL- 



r 
i 

tpLZ ->j 



\l.5V \^ 

A / VQL + 03V 



*PZH -"►] |4- 



| tpHZ -*| f~ 



VQH-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT843, SN74ABT843 
9-BIT BUS-INTERFACE D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

D3784, FEBRUARY 1991 - REVISED OCTOBER 1992 



State-of-the-Art EPIC-lIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical V 0 |_p (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT843 . . . JT PACKAGE 
SN74ABT843 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 




description 



SN54ABT843 . . . FK PACKAGE 
(TOP VIEW) 



Q Q IUJ O 
CM i- IO Z 



o 

OO O 

> t- (M 



4 3 2 1 28 27 26 



3D ]5 
4D ] 6 
5D ]7 
NC ]8 
6D ]9 
7D ] 10 

8D ] 11 19p8Q 
12 13 14 15 16 1718 



25 [ 3Q 
24 [ 4Q 
23 [ 5Q 
22 [ NC 
21 [ 6Q 
20 [ 7Q 



QICC Q O LU IUJ O 
O) -J Z Z J DC 05 

lo o la. 
NC - No internal connection 



The 'ABT843 9-bit latch is designed specifically for 
driving highly capacitive or relatively 
low-impedance loads. It is particularly suitable for 
implementing buffer registers, I/O ports, 
bidirectional bus drivers, and working registers. 

The nine latches are transparent D-type latches. 
The device has noninverting data (D) inputs and 
provides true data at its outputs. 

A buffered output-enable (OE) input can be used 
to place the nine outputs in either a normal logic 
state (high or low levels) or a high-impedance 
state. The outputs are also in the high-impedance 
state during power-up and power-down 
conditions. The outputs remain in the high-impedance state while the device is powered-down. In the 
high-impedance state, the outputs neither load nor drive the bus lines significantly. The high-impedance state 
and increased drive provide the capability to drive bus lines without need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operations of the latch. Previously stored data can be 
retained or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT843 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT843 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT843 is characterized for operation from -40°C to 85°C. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 992, Texas Instruments Incorporated 

design phase of development. Characteristic data and other W arn 
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change or discontinue these products without notice. \j ' I K^X /X^ 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-207 



SN54ABT843, SN74ABT843 

9-BIT BUS-INTERFACE D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

D3784, FEBRUARY 1 991 - REVISED OCTOBER 1 992 



logic symbolt 



OE 
PRE 
CLR 

LE 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 
9D 



FUNCTION TABLE 



INPUTS 


OUTPUT 


PRE 


CLR 


OE 


LE 


D 


Q 


L 


X 


L 


X 


X 


H 


H 


L 


L 


X 


X 


L 


H 


H 


L 


H 


L 


L 


H 


H 


L 


H 


H 


H 


H 


H 


L 


L 


X 


Qo 


X 


X 


H 


X 


X 


Z 



1 IN 


EN 
S2 
R 
C1 

h r 


23 


14 


11 IN 


13 


2 


1D 2 V 


3 


22 




4 


21 




5 


20 




6 


19 




7 




18 




8 


17 




9 




16 




10 




15 











1Q 
2Q 
3Q 
40 
5Q 
6Q 
7Q 
8Q 
90 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 
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SN54ABT843, SN74ABT843 
9-BIT BUS-INTERFACE D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

D3784, FEBRUARY 1991 - REVISED OCTOBER 1992 



logic diagram (positive logic) 




To Eight Other Channels 

Pin numbers shown are for the DB, DW, JT, and NT packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range , V<x -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT843 96 mA 

SN74ABT843 128 mA 

Input clamp current, Ijk (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v 0 < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the "recommended operating conditions" section of 
this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT843, SN74ABT843 

9-BIT BUS-INTERFACE D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

D3784, FEBRUARY 1991 - REVISED OCTOBER 1992 



recommended operating conditions (see Note 2) 







SN54ABT843 


SN74ABT843 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


v 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


•oh 


High-level output current 


-24 


-32 


mA 


»OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT843 


SN74ABT843 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V, K 


V C C = 4.5 V, l|=-18mA 


-1.2 


-1 .2 


-1.2 


V 


VOH 


Vcc = 4 5 V, lOH = - 3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, loH = -3mA 


3 


3 


3 


Vcc = 4 5 V, lOH = - 24 mA 


2 


2 




Vcc = 4 -5V, Iqh =~32 mA 


2* 




2 


vol 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


h 


Vcc = 5-5 V, V| = Vcc or GN° 


±1 


±1 


±1 


^iA 


•OZH 


V C C = 5.5 V, V 0 = 2.7 V 


50 


50 


50 




'OZL 


Vcc = 5.5 V, Vo = 0.5 V 


-50 


-50 


-50 




'off 


Vcc = 0. V|orVo<4.5V 


±100 




±100 


^A 


'CEX 


Vcc = 5.5 V, Vq = 5.5V Outputs high 


50 


50 


50 


^A 


io § 


VCC = 5-5V, Vq = 2.5V 


-50 -140 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, l O = 0, 
V| - Vcc or GND 


Outputs high 


1 250 


250 


250 


^A 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


HA 


AICC 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


4 






PF 


Co 


V 0 = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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SN54ABT843, SN74ABT843 
9-BIT BUS-INTERFACE D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

D3784, FEBRUARY 1991 - REVISED OCTOBER 1992 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V CC = 5V, 
T A = 25°C 


SN54ABT843 


SN74ABT843 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t w Pulse duration 


CLRlow 


5.5 


5.5 


5.5 


ns 


PRE low 


4.5 


4.5 


4.5 


LE high 


3.3 


3.3 


3.4 


t su Setup time, data before LEi 


High 


2.5 


2.5 


2.5 


ns 


Low 


3 


3 


3 


th Hold time, data after LEi 


0.5 


0.5 


0.5 


ns 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT843 


SN74ABT843 


UNIT 




MIN 


TYP 


MAX 


MIN MAX 


MIN 


MAX 




tPLH 


D 


Q 


1.6 


3.6 


5.2 


1.6 


1.6 


6 


ns 


tPHL 


2.2 


5 


6.3 


2.2 


2.2 


7.2 


tPLH 


LE 


Q 


2 


4.1 


5.6 


2 


2 


6.5 


ns 


tPHL 


2.8 


4.8 


6.3 


2.8 


2.8 


6.9 


tPLH 


PRE 


Q 


2.2 


4.7 


6.2 


2.2 


2.2 


7.4 


ns 


tPHL 


3 


5.2 


6.5 


3 


3 


7.2 


tPLH 


CLR 


Q 


2.5 


5 


6.3 


2.5 


2.5 


7.1 


ns 


tPHL 


3.1 


5.5 


6.8 


3.1 


3.1 


8 


tpZH 


OE 


Q 


1 


2.7 


4.2 


1 


1 


5.2 


ns 


tPZL 


2 


4.2 


5.5 


2 


2 


6.5 


tPHZ 


OE 


Q 


2.9 


4.9 


6.2 


2.9 


2.9 


6.8 


ns 


*PLZ 


2.2 


5 


6.3 


2.2 


2.2 


5.7 
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SN54ABT843, SN74ABT843 

9-BIT BUS-INTERFACE D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

D3784, FEBRUARY 1991 - REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 

—AAA/ — 



o 7V 
O Open 

9 GND 



500 O 



TEST 


S1 


tPLH/tPHL 
tpLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 




Input 1.5 V 



-t w - 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



1.5 V 



th 



3V 
0V 



)<1.5V Xj^T 



3V 
V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



~~ X 15V X 7 * 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



tPZL 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



1 tpLZ 



tpZH -*| |4- 

I 



\l.5V Y 

A I / VQL + 0-3V 

|tpHZ-^ j«- 



3V 
0V 

3.5 V 

vol 



; \ 



» ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT853, SN74ABT853 
8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 



D3786, FEBRUARY 1991 - REVISED OCTOBER 1992 



State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA \ OH , 
64-mA Iql) 

Parity Error Flag With Parity 
Generator/Checker 

Latch for Storage of the Parity Error Flag 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT853 . . . JT PACKAGE 
SN74ABT853 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



description 




SN54ABT853 . . . FK PACKAGE 
(TOP VIEW) 

IS * 

lo : 

LJI— II— JLJLJLJLJ 
i_ 4 3 2 1 28 27 26 rt 
A3 ] 5 25[ B3 



o 

U t- CM 

> CD CD 



A4 ] 6 
A5 ] 7 
NC ] 8 
A6 ] 9 
A7 ] 10 
A8 ] 11 



12 13 14 15 16 1718 
i — ii — ii — ii — ii — ii — n — i 



24[ B4 
23[ B5 
22 [ NC 
21 [ B6 
20 [ B7 
19[ B8 



0C DC Q O LU CO >• 

c Uzz l-J uj b 
IllllO (5 lo oc 

NC - No internal connection 



The 'ABT853 8-bit to 9-bit parity transceiver is 
designed for communication between data buses. 
When data is transmitted from the A bus to the B 
bus, a parity bit is generated. When data is 
transmitted from the B bus to the A bus with its 

corresponding parity bit, the open-collector 

parity-error (ERR) output indicates whether or not 
an error in t he B d ata h as occurred. The 
output-enable (OEA and OEB) inputs can be used 
to disable the device so that the buses are 
effectively isolated. The 'ABT853 provides true 
data at its outputs. 

A 9-bit p arity g enerator/checker generates a parity-odd (PARITY) output and monitors the parity of the I/O ports 
with the ERR flag. The parity -erro r output can be passed, sa mpled , stor ed, o r cleared from the latch using the 
latch-enable (LE) and clear (CLR) control inputs. When both OEA and OEB are low, data is transferred from 
the A bus to the B bus and inverted parity is generated. Inverted parity is a forced error condition that gives the 
designer more system diagnostic capability. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT853 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT853 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT853 is characterized for operation from -40°C to 85°C. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. _^ 

PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 992, Texas Instruments Incorporated 

design phase of development. Characteristic data and other W arn 

specifications are design goals. Texas Instruments reserves the right to wV9 TpvA O 
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SN54ABT853, SN74ABT853 

8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 



D3786, FEBRUARY 1991 - REVISED OCTOBER 1992 



FUNCTION TABLE 



INPUTS 


OUTPUTS AND l/Os 




OEB 


OEA 


CLR 


LE 


Ai 
EOF H 


Bit 
SOFH 


A 


B 


PARITY 


ERR* 


FUNCTION 


L 


H 


X 


X 


Odd 


NA 


NA 


A 


L 
H 


NA 


A data to B bus and 
generate parity 


H 


L 


X 


L 


NA 


Odd 
Even 


B 


NA 


NA 


H 
L 


B data to A bus and 
check parity 


H 


L 


H 


H 


NA 


X 


X 


NA 


NA 


NC 


Store error flag 


X 


X 


L 


H 


X 


X 


X 


NA 


NA 


H 


Clear error flag register 






H 


H 


X 










NC 




H 


H 


L 
X 
X 


H 
L 
L 


X 
LOdd 
H Even 


X 


Z 


Z 


Z 


H 
H 
L 


lsolation§ 
(parity check) 










Odd 


NA 


NA 




H 


NA 


A data to B bus and 


L 


L 


X 


X 


Even 


A 


L 


generate inverted parity 



NA = not applicable, NC = no change, X = don't care 

t Summation of high-level inputs in clude s PARITY along with Bi inputs. 

t Output states sh own a ssume the ERR output was previously high. 

§ In this mode, the ERR output (when clocked) shows inverted parity of the A bus. 

logic symbofll 



LE 
CLR 
OEA 
OEB 

A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 



13 



14 



LE 
CLR 
OEA 
OEB 

1 



ERR£ 

PARITY 
1 



V <^ABu^^BBus^V 



llThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 



10 



15 



23 
22 
21 
20 
19 
18 
17 
16 



ERR 

PARITY 

B1 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
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SN54ABT853, SN74ABT853 
8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 

D3786, FEBRUARY 1991 - REVISED OCTOBER 1992 



logic diagram (positive logic) 



A1-A8 — «-►- 



OEB • — O 



OEA- 



B1-B8 



PARITY 



LE- 
CLR ~ 




ERROR FLAG FUNCTION TABLE 



INPUTS 


INTERNAL OUTPUT 
TO DEVICE PRE-STATE 


OUTPUT 
ERR 


FUNCTION 


CLR LE 


POINT "P" ERR n _-jt 


L L 


L 

X 

H 


L 
H 


Pass 


H L 


L X 
X L 
H H 


L 
L 
H 


Sample 


L H 


X X 


H 


Clear 


H H 


L 

X 

H 


L 
H 


Store 



TThe state of the ERR output before any changes at CLR, LE, or point "P". 
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SN54ABT853, SN74ABT853 

8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 



D3786, FEBRUARY 1991 - REVISED OCTOBER 1992 



error-flag waveforms 

oil — 



OEA 



Bi + PARITY 



LE 



CLR 



ERR 



rLTLTL 



Pass - 



I I 

I I 

n 



Store 



I I 



Clear 



Sample - 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x ■ ■ -°-5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT853 96 mA 

SN74ABT853 128 mA 

Input clamp current, Iik ( v i < 0) ■ ■ ■ ■ • ■ -1 8 mA 

Output clamp current, Iqk (V<D k 0) -50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT853, SN74ABT853 
8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 



D3786, FEBRUARY 1991 - REVISED OCTOBER 1992 



recommended operating conditions (see Note 2) 









SN54ABT853 


SN74ABT853 


UNIT 








MIN 


MAX 


MIN 


MAX 


Vrr 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


v 


Vm 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


V 0 H 


High-level output voltage 


ERR 


5.5 


5.5 


V 


'OH 


High-level output current 


Except ERR 


-24 


-32 


mA 


'OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


5 


5 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT853 


SN74ABT853 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| =-18 mA 


-1.2 


-1 .2 


-1 .2 


V 


V 0 H 


Vcc = 4.5 V, l 0 H = -3mA 


All outputs 
except ERR 


2.5 


2.5 


2.5 


V 


VcC = 5V, loH = -3mA 


3 


3 


3 


V C C = 4.5 V, lOH =~24 mA 


2 


2 




Vcc = 4.5 V, IOH = -32mA 


2t 




2 


vol 


Vcc = 4-5 V, Iql = 24 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


'OH 


Vcc = 4-5 V, Vqh = 5.5 V 


ERR 










l| 


V C C = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


±1 


±1 


[lA 


A or B ports 


±100 


±100 


±100 


IlL 


Vcc = 0. V| = GND 


A or B ports 


-50 


-50 


-50 


HA 


IOZH § 


Vcc = 5-5 V, V 0 = 2.7 V 


50 


50 


50 


|iA 


'OZL§ 


Vcc = 5.5 V, Vo = 0.5 V 


-50 


-50 


-50 




'off 


Vcc = 0> V|orVo<4.5V 


±100 




±100 


^A 


! CEX 


Vcc = 5-5 V, Vo = 5.5 V Outputs high 


50 


50 


50 


HA 


loll 


VCC = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


>CC 


V C C = 5-5V, 

io = o, 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


1 250 


250 


250 


|iA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


HA 


Alcc # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


50 


50 


50 

• 


^A 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 








PF 


Qo 


V 0 = 2.5Vor 0.5V 


A or B ports 








PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters Iozh and 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT861,SN74ABT861 
10-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

D3788, FEBRUARY 1991 - REVISED OCTOBER 1992 



State-of-the-Art EPIC-lIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA Iq H , 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



SN54ABT861 . . . JT PACKAGE 
SN74ABT861 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



1 w 


24 


2 


23 


o 


22 


4 


21 


5 


20 


6 


19 




18 


8 


17 


9 


16 


10 


15 


11 


14 


12 


13 



SN54ABT861 . . . FK PACKAGE 
(TOP VIEW) 



< 

CO 

LU O 
O Z 



3< 

I II II II II II II I 



o 

O t- CM 
> CD CD 



4 3 2 1 28 27 26 



25 [ B3 
24 [ B4 
23 [ B5 
22 [ NC 
21 [ B6 
20 [ B7 
19[ B8 



The 'ABT861 is a 1 0-bit transceiver designed for 
asynchronous communication between data 
buses. The control function implementation allows 
for maximum flexibility in timing. 

These devices allow data transmission from the A 
bus to the B bus or from the B bus to the A bus 
depending u pon th e l ogic levels at the 
output-enable (OEAB and OEBA) inputs. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vcc 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN74ABT861 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT861 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT861 is characterized for operation from -40°C to 85°C. 



A3 ] 5 
A4 ]6 

A5 ]7 
NC ]8 
A6 ] 9 
A7 ] 10 
A8 ] 11 

12 13 14 15 16 1718 

r~inr~irn~ir~ir~i 



Q O 

z z 
o 



CD O O) 

< IT CO 

UJ CD 

O 



NC - No internal connection 



FUNCTION TABLE 



INPUTS 


OPERATION 


OEAB OEBA 


L H 
H L 
H H 

L L 


A data to B bus 
B data to A bus 

Isolation 
Latch A and B 
' (A = B) 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or ■ . Copyright © 1 992, Texas Instruments Incorporated 
design phase of development. Characteristic data and other 
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SN54ABT861, SN74ABT861 
10-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

D3788, FEBRUARY 1991 - REVISED OCTOBER 1992 



logic symbolt 



OEBA 
OEAB 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 



1 






IN 


13 






K 


2 






>-<- 


3 


<- 


->- 




4 








5 


<- 
«- 






6 








7 


4- 


-V- 




8 


<- 






9 


<- 






10 


<- 






11 


<- 
<- 







EN1 
EN2 



logic diagram (positive logic) 



OEBA 



OEAB 



V 1 



2V 



23 



— * — < 








22 


— «- 


-> 


21 


— <- 

4- 


-> 
-> 


20 






19 


4- 


-> 
■> 


18 


«- 

<- 


-> 


17 






16 


«- 


-> 


15 


«- 

<*- 


-> 
-> 


14 



B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
B10 



A1 



23 



B1 



V 

To Nine Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, \/qq -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT861 96 mA 

SN74ABT861 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) • ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT861,SN74ABT861 
10-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
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recommended operating conditions (see Note 2) 







SN54ABT861 


SN74ABT861 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


v cc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


5 


5 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT861 


SN74ABT861 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4 - 5V , l|=-18mA 


-1.2 


-1 .2 


-1 .2 


V 


VOH 


Vcc = 4.5 V, IOH = -3mA 


2.5 


2.5 


2.5 


V 


VCC = 5 V, lOH = -3 mA 


3 


3 


3 


Vcc = 4 -5 V, lOH = -24 mA 


2 


2 




Vcc = 4.5 V, Iqh = -32 mA 


2t 




2 


vol 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


Vcc = 5.5 V, 
V| = Vcc o r G ND 


Control inputs 


±1 


±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


«OZH § 


V C C = 5.5 V, V 0 = 2.7V 


50 


50 


50 




"OZL § 


Vcc - 5-5V, Vo = 0.5V 


-50 


-50 


-50 




'off 


Vcc = 0> V|OrV 0 <4.5V 


±100 




±100 


ma 


'CEX 


Vcc = 5.5 V, Vo = 5.5V Outputs high 


50 


50 


50 


^A 


l 0 n 


V C C = 5.5 V, V 0 = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


! CC 


V C C = 5.5 V, 

io = o, 

V| = V C c o r GND 


A or B ports 


Outputs high 


1 250 


250 


250 


MA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


uA 


Alcc # 


V C C = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5Vor 0.5 V 


Control inputs 


4 






pF 




Vq = 2.5 V or 0.5 V 


A or B ports 


7 






pF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters Iozh and 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT861,SN74ABT861 
10-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

D3788, FEBRUARY 1991 - REVISED OCTOBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1 ) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC = 5V, 
Ta = 25°C 


SN54ABT861 


SN74ABT861 


UNIT 




MIN 


TYP 


MAX 


MIN MAX 


MIN 


MAX 




tPLH 


A or B 


B or A 


1.1 


3.4 


4.9 


1.1 


1.1 


5.2 


ns 


tpHL 


1 


3.2 


4.4 


1 


1 


4.9 


tPZH 


OEAB or OEBA 


BorA 


1.2 


3.5 


5 


1.2 


1-2 


5.9 


ns 


tPZL 


2.4 


4.6 


6 


2.4 


2.4 6.9 


tPHZ 


OEAB or OEBA 


BorA 


3.1 


5.3 


6.5 


3.1 


3.1 


7.5 


ns 


tPLZ 


3.7 


5.3 


6.6 


3.7 


3.7 


7.1 



DO 
O 
O 

c 
o 



"D 

3D 

m 
< 

m 
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SN54ABT861,SN74ABT861 
10-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

D3788, FEBRUARY 1991 -REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 a 

-AAA/ — 



500 & 



o 7V 

Si/ o Open 
Q GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



1.5 V 

|\ 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



3 V 
0 V 



Input 
(see Note B) 



Output 



Output 



ZX 15V XE 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



*PZL-*| 



\ / VQL + 0.3V 



3V 
0V 

3.5 V 

vol 



| tpHZ ~*\ A~ 
tpZH -*\ |4- [ 



« 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Q_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT862, SN74ABT862 
10-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

OCTOBER 1992 



State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA \ 0H , 
64-mAlQL) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



SN54ABT862 . . . JT PACKAGE 
SN74ABT862 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



OEBA[ 1 ^ 24 ] V cc 



A1[ 2 
A2[ 3 
A3[ 4 
A4[ 5 
A5[ 6 
A6[ 7 
A7[ 8 
A8[ 9 
A9[ 10 
A10[ 11 
GND[ 12 



23 ]B1 
22 ] B2 
21 ] B3 
20 ] B4 
19 ] B5 
18 ]B6 
17]B7 
16 ]B8 
15 ]B9 
14 ] B10_ 
13 ] OEAB 



SN54ABT862 . . . FK PACKAGE 
(TOP VIEW) 



2 

UJ O 
O 2 



O 

O t- CM 

> cq m 



]5- 



A3 

A4p6 
A5 ]7 
NC ]8 
A6p 
A7 
A8 



4 3 2 1 28 27 26 



The 'ABT862 is a 1 0-bit transceiver designed for 
asynchronous communication between data 
buses. The control function implementation allows 
for maximum flexibility in timing. 

These devices allow data transmission from the A 
bus to the B bus or from the B bus to the A bus 
depending u pon th e l ogic levels at the 
output-enable (OEAB and OEBA) inputs. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vqq 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN74ABT862 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT862 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT862 is characterized for operation from -40°C to 85°C. 



25 [ B3 
24 [ B4 
23 [ B5 
22 [ NC 
21 [ B6 

] 10 20[ B7 

] 11 19[ B8 

12 13 14 15 16 1718 



5 o Q Q 

< 5 z z 



O CT> 
CD 



NC - No internal connection 



FUNCTION TABLE 



INPUTS 


OPERATION 


OEAB OEBA 


L H 
H L 
H H 

L L 


A data to B bus 

B data to A bus 

Isolation 

Latch A and B 
(A = B) 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or . Copyright © 1 992, Texas Instruments Incorporated 

design phase of development. Characteristic data and other , 

specifications are design goals. Texas Instruments reserves the right to TVv AC* 

change or discontinue these products without notice. jf I F.X /X^ 
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SN54ABT862, SN74ABT862 
10-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



logic symbolt 



OEBA 
OEAB 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 



13 



EN1 
EN2 



logic diagram (positive logic) 



OEBA 



OEAB 



« ► 



< ► 



< ► 



10 



11 



4 ► 



2V 



23 



— < — ( 










22 


N 


-4- 


-> 


21 


N 


-4- 
-4- 


-> 

■> 


20 


N 






19 


N 


-4- 


-> 


18 


N 


-4- 

-4- 


-> 
-> 


17 


N 






16 


N 


-4- 


■> 
-> 


15 


s 


-4- 
-4- 


-> 


14 



B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
B10 



A1- 



23 



B1 



To Nine Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 

and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc ■ -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT862 96 mA 

SN74ABT862.. 128 mA 

Input clamp current, I|k (Vj < 0) -18 mA 

Output clamp current, Iok ( v O < °) ■ ■ ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT862, SN74ABT862 
10-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



recommended operating conditions (see Note 2) 







SN54ABT862 


SN74ABT862 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vrr 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


>OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 





TEST CONDITIONS 


T A = 25°C 


SN54ABT862 


SN74ABT862 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


V 0 H 


V C C = 4.5 V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, loH = -3mA 


3 


3 


3 


Vcc = 4.5 V, l0H = -24mA 


2 


2 




Vcc = 4-5 V, Iqh = "32 mA 


2t 




2 


vol 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


Vcc = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


«OZH § 


Vcc = 5-5 V, Vo = 2.7 V 


50 


50 


50 


uA 


'OZL § 


Vcc = 5-5 V, V 0 = 0.5 V 


-50 


-50 


-50 


HA 


loff 


Vcc = 0, V| or Vq < 4.5 V 


+100 




±100 


\iA 


'CEX 


V C C = 5-5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


^A 


l 0 1 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


»CC 


V C C = 5.5 V, 

io = o, 

V| = Vcc or GND 


A or B ports 


Outputs high 


1 250 


250 


250 


MA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


HA 


Alcc # 


V C C = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


4 






pF 


Qo 


Vq = 2.5 V or 0.5 V 


A or B ports 


7 






pF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH ar| d 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT863, SN74ABT863 
9-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

D3789, FEBRUARY 1991 - REVISED JULY 1993 



State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



SN54ABT863 ... . JT PACKAGE 
SN74ABT863 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 




SN54ABT863 . . . FK PACKAGE 
(TOP VIEW) 



< 

CQ 

111 o 

o z 



Si< 

L-JLJLJLJI— II— IL-J 



o 

O i- CM 
2> CQ CO 



A3 ]5 
A4 ] 6 
A5 ]7 
NC ]8 
A6 ]9 
A7 ] 10 
A8 ] 11 



4 3 2 1 28 27 26 



12 13 14 15 16 1718 



2 


9! 


Q O 

z z 


CO 


CM CD 
CQ CQ 




CQ 


CD 


< 


< 




111 


LU 


LU 




O 




O 


O 



25 [ B3 
24 [ B4 
23 [ B5 
22 [ NC 
21 [ B6 
20 [ B7 
19[ B8 



The 'ABJ863 is a 9-bit transceiver designed for 
asynchronous communication between data 
buses. The control function implementation allows 
for maximum flexibility in timing. 

These devices allow data transmission from the A 
bus to the B bus or from the B bus to the A bus 
depending u pon th e l ogic levels at the 
output-enable (OEAB and OEBA) inputs. 

The outputs are in the high-impedance state 
during power-up and power-down conditions. The 
outputs remain in the high-impedance state while 
the device is powered-down. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to V<x 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN74ABT863 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circu it-board area. 

The SN54ABT863 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74ABT863 is characterized for operation from -40°C to 85°C. 



NC - No internal connection 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION - Copyright © 1 992, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to 
if Texa 



specifications per the terms of Texas Instruments standard warranty. TV-y * ^ 

Production processing does not necessarily include testing of all Jf Ityv/Vo 
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SN54ABT863, SN74ABT863 
9-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

D3789, FEBRUARY 1991 - REVISED JULY 1993 



FUNCTION TABLE 



logic symbolt 



INPUTS 


OPERATION 


OEAB1 OEAB2 OEBA1 OEBA2 


L L L L 


Latch A and B 


L L H X 
L L X H 


AtoB 


H X L L 
X H L L 


BtoA 


H X H X 
H X X H 
X H X H 
X H H X 


Isolation 



logic diagram (positive logic) 



OEBA1 
OEBA2 
OEAB1 
OEAB2 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 



1 IN 


& 


EN1 
EN2 




13 


& 











2 


V1 1 


23 


f--4 


— *4 — f : 


1 2 V 


3 


22 




4 




21 




5 




20 




6 




19 




7 




18 




8 


17 




9 


16 




10 


15 









B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 



OEBA1 
OEBA2 



11 



OEAB1 
OEAB2 



A1- 



23 



B1 



V 

To Eight Other Channels 
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SN54ABT863, SN74ABT863 
9-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

D3789, FEBRUARY 1991 - REVISED JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -°- 5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT863 96 mA 

SN74ABT863 128 mA 

Input clamp current, Ijk (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°Cto150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 





SN54ABT863 


SN74ABT863 


UNIT 


MIN MAX 


MIN MAX 


Vqc Supply voltage 


4.5 5.5 


4.5 5.5 


V 


Vm High-level input voltage 


2 f 


2 


V 


V||_ Low-level input voltage 




0.8 


V 


V| Input voltage 


o cv C c 


o v C c 


V 


'OH High-level output current 


S*5£ 

£ - 24 


-32 


mA 


lOL Low-level output current 


& 48 


64 


mA 


At/Av Input transition rise or fall rate 


Outputs enabled 




# 5 


5 


ns/V 


T/\ Operating free-air temperature 


-55 125 


-40 85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



hhuuuu I prcview information concerns products in tne formative or ■ 

design phase of development. Characteristic data and other _ 

specifications are design goals. Texas Instruments reserves the right to wVW TrVAC 

change or discontinue these products without notice. I r.XA^ 
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SN54ABT863, SN74ABT863 
9-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

D3789, FEBRUARY 1991 - REVISED JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT863 


SN74ABT863 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 




Vcc = 4 -5V, l| = -18mA 


-1 .2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5V, l 0 H=-3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, loH = -3mA 


3 


3 


3 


V C C = 4.5V, loH = -24mA 


2 


2 




Vcc = 4.5V, loH = -32mA 


2+ 




2 


vol 


Vcc = 4.5V, loL = 48mA 


0.55 


0.55 




V 


Vcc = 4.5V, Iql = 64 mA 


0.55$ 




0.55 


ii 


Vcc = 5.5V, 
V| = V C C or GND 


Control inputs 


±1 


— s 


±1 


MA 


A or B ports 


±100 


— afe 


±100 


«OZH § 


Vcc = 5-5 V, Vo = 2.7 V 


50 




50 


HA 


«OZL § 


Vcc = 5.5 V, Vq = 0.5 V 


-50 


/> -50 


-50 


MA 


■off 


Vcc = °. v | or Vq < 4.5 V 


±100 


— £ 


±100 


ma 


'CEX 


Vcc = 5-5 V, Vo = 5.5 V | Outputs high 


50 


50 


50 


ma 




Vcc = 5-5V, Vq = 2.5V 


-50 -100 -180 


-<p 

-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o, 

V| = V C C or GND 


A or B ports 


Outputs high 


1 250 


250 


250 


MA 


Outputs low 


24 30 


38 


38 


mA 


Outputs disabled 


0.5 250 


250 


250 


MA 


A, CC # 


V C C = 55 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


4 






pF 


Qo 


Vq = 2.5 V or 0.5 V 


A or B ports 


7 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH and 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or OND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
Ta = 25°C 


SN54ABT863 


SN74ABT863 


UNIT 




MIN 


TYP 


MAX 


MIN MA|, 


MIN 


MAX 




tPLH 


AorB 


Bor A 


1 


2.6 


4.1 


1 P 


1 


5.7 


ns 


tPHL 


1 


2.3 


3.3 




1 


3.9 


tpZH 




Bor A 


1 


3.2 


4.3 


5.4 


1 


5.5 




tPZL 


OEAB or OEBA 


1 


3.3 


4.4 


£ 5-5 


1 


5.4 


ns 


tPHZ 


OEAB or OEBA 


Bor A 


2.5 


4.8 


6 


6.8 


2.5 


6.7 




tPLZ 


1.5 


4.4 


5.9 


^1.5 7.8 


1.5 


6.9 


ns 



phoduct preview intormation concerns products in tne formative or ■. • 
design phase of development Characteristic data and other 

specifications are design goals. Texas Instruments reserves the right to wV9 TVva C* 
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SN54ABT863, SN74ABT863 
9-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

D3789, FEBRUARY 1991 - REVISED JULY 1993 



From Output _ 



Under Test 
C L = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 £2 

-AAA/ — 



500 Q 



SI, 



p 7V 

O Open 
? GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 




Input 1.5 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



OV 



Timing Input 



Data Input 



1.5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
OV 



3V 
OV 



Input 
(see Note B) 



Output 



Output 



ZX i5v XEi 




3V 
OV 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



^ 15V ) p" 

tpZL-^ k- | 

' tPLZ |4~ 



\ I / vql + o 

i tpHz -*i k- 

tPZH |«- ] 



3 V 



V O H-0.3V 



3V 
OV 

3.5 V 

vol 

V 0 H 

« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C\_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT2952, SN74ABT2952 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

D3664, NOVEMBER 1990 - REVISED OCTOBER 1992 



State-of-the-Art EP/C-IIS™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Two 8-Bit Back-to-Back Registers Store 
Data Flowing in Both Directions 

Noninverting Outputs 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT2952 . . . JT PACKAGE 
SN74ABT2952 . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



Beril U 24hv cc 



B7[ 2 
B6[ 3 
B5[ 4 
B4[ 5 
B3 [ 6 
B2[ 7 

m [ 8 

OEAB[ 9 
CLKAB [ 10 
CLKENAB [ 11 
GND[12 



23 ] A8 
22 ] A7 
21 ] A6 
20 ] A5 
19 ] A4 
18] A3 
17] A2 

16 ] A1 

15]OEBA 
14 ] CLKBA 
13 ] CLKENBA 



SN54ABT2952 . . . FK PACKAGE 
(TOP VIEW) 



description 



CO N. 00 O 

00. CO. GO Z 



O 

O CO N 
> < < 



y 1— IL-JI— ILJl—ll— ID — 

_ 4 3 2 1 2827 26 . 
B5 ] 5 25[ A6 
B4 ] 6 2 4[ A5 
B3 ] 7 23[ A4 
NC ] 8 22[ NC 
B2 ] 9 21[ A3 
m ] 10 20[ A2 

OEAB ] 11 19[ A1 

12 13 14 15 16 1718 



O 



NC - No internal connection 



CD 


Q 


o 


2 


< 


< 


< 


Z 


z 




CO 


CO 


Z 


o 




z 




ill 


UJ 




LU 


_j 


O 










o 




_] 






_l 






O 






o 







The 'ABT2952 consists of two 8-bit back-to-back 
registers that store data flowing in both directions 
between two bidirectional buses. Data on the A or 
B bus is stored in the registers on the low-to-high 
transition of the clock (CLKAB or CLKBA) in put 
provided t hat the clock-enable (CLKENAB or 
CLKEN B A) input is low. Taking the output-enable 
(OEAB or OEBA) input low accesses the data on 
either port. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vcc 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN74ABT2952 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circu it-board area. 

The SN54ABT2952 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT2952 is characterized for operation from -40°C to 85°C. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or _ Copyright © 1 992, Texas Instruments Incorporated 

design phase of development. Characteristic data and other _ 

specifications are design goals. Texas Instruments reserves the right to wV9 Tr? v A f 

change or discontinue these products without notice. \j I r.Xr*^ 
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SN54ABT2952, SN74ABT2952 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

D3664, NOVEMBER 1 990 - REVISED OCTOBER 1 992 



FUNCTION TABLET 



INPUTS 


OUTPUT 


CLKENAB 


CLKAB 


OEAB 


A 


B 


H 


X 


L 


X 


B 0 * 


X 


HorL 


L 


X 


B 0 * 


L 


t 


L 


L 


L 


L 


t 


L 


H 


H 


X 


X 


H 


X 


Z 



t A-to-B d ata flow is s hown; B-to-A data flo w is similar 
but uses CLKENBA, CLKBA, and OEBA. 

t Level of B before the indicated steady-state input 
conditions were established. 



logic symbol§ 



OEBA 
CLKENBA 
CLKBA 

OEAB 
CLKENAB 
CLKAB 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 



15 



13 



14 



10 



EN3 
G1 

> 1 C5 
EN4 
G2 

> 2C6 



16 


V3 1 5D 


8 


• 4 


< • 


6D 1 4V 


17 


7 




18 


6 




19 


5 




20 


4 




21 


3 




22 


2 




23 


1 









B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 



§This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617 : 12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 
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SN54ABT2952, SN74ABT2952 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

D3664, NOVEMBER 1990 - REVISED OCTOBER 1992 



logic diagram (positive logic) 



CLKENAB- 



11 



On 



CLKAB 



10 



OEAB 



CLKENBA 



13 



CLKBA - 



14 



OEBA 



15 




< • B1 



N v ' 

To Seven Other Channels 

Pin numbers shown are for the DB, DW, JT, and NT packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq ■ -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT2952 96 mA 

SN74ABT2952 128 mA 

Input clamp current, Iik ( v i < 0) -1 8 mA 

Output clamp current, Iqk (V<D < ^ — mA 

Maximum power dissipation at T*a = 55°C (in still air): DB package 0.7 W 

DW package — 1 W 

NT package 1 .3 W 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT2952, SN74ABT2952 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

D3664, NOVEMBER 1990 - REVISED OCTOBER 1992 



recommended operating conditions (see Note 2) 







SN54ABT2952 


SN74ABT2952 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


• 5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


v C c 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT2952 


SN74ABT2952 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX. 


V IK 


Vcc = 4.5 V, l|=-18mA 


—1 .2 


—1 .2 


—1 .2 


V 


VOH 


Vcc = 4.5 V, Iqh = -3 mA 


2.5 


2.5 


2.5 


V 


V C C = 5V, Iqh = -3 mA 


3 


3 


3 


Vcc = 4-5 V, Iqh = ~ 24 mA 


2 


2 




V C c = 4.5 V, l0H=-32mA 


2t 




2 


vol 


Vcc = 4.5 V, IOL = 48mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5-5 V, 
V| = Vcc orGND 


Control inputs 


±1 


±1 


±1 


HA 


A or B ports 


±100 


±100 


±100 


>OZH§ 


V C C = 5.5 V, V 0 = 2.7V 


50 


50 


50 


|xA 


>OZL § 


Vcc = 5.5 V, V 0 = 0.5 V 


-50 


-50 


-50 




'off 


Vcc = 0 ' V|orVQ<4.5V 


±100 




±100 


uA 


•CEX 


V C c = 5.5 V, 
V 0 = 5.5V 


Outputs high 


50 


50 


50 


uA 




V C C = 5.5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o. 

V| = Vcc or GN° 


A or B 
ports 


Outputs high 


1 250 


250 


250 


HA 


Outputs low 


24 35 


35 


35 


mA 


Outputs disabled 


0.5 250 


250 


250 


jxA 


AIqc # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3.5 






PF 


Qo 


Vq = 2.5 V or 0.5 V 


A or B ports 


7.5 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters I ozh ancl 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT2952, SN74ABT2952 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

D3664, NOVEMBER 1990 - REVISED OCTOBER 1992 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 





Vcc = 5 V, 
Ta = 25°C 


SN54ABT2952 


SN74ABT2952 


1 IMIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 150 


0 150 


0 150 


MHz 


t w Pulse duration 


CLK high 


3 


3 


3 


ns 


CLK low 


3.5 


3.5 


3.5 


t S u Setup time before CLKt 


A or B 


High 


4 


4 


4 


ns 


Low 


3 


3 


3 




High 


3.5 


3.5 


3.5 


CLKEN 


Low 


2.5 


2.5 


2.5 


t n Hold time after CLKt 


A or B 


0 


0 


0 


ns 


CLKEN 


0 


0 


0 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT2952 


SN74ABT2952 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


f max 






150 


150 


150 


MHz 


*PLH 


CLKAB or CLKBA 


Bor A 








ns 


tPHL 








tpZH 




A or B 








ns 


*PZL 


OEBA or OEAB 








tPHZ 




A or B 








ns 


tPLZ 


OEBA or OEAB 
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SN54ABT2952, SN74ABT2952 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

D3664, NOVEMBER 1990- REVISED OCTOBER 1992 . 



From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q 

-AAAr 



500 a 



o 7V 
SI/* o Open 

9 GND 



TEST 


S1 


tPLH/tPHL 
tpLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 



3CZZXSZ 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



5V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



3V 
0V 



L J 

*PLH — 14— — ►) 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



£T X 15V ) p" 



tPZL k- 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



\l.5V \/ 

A } / Yol.+ o-L v 

| tPHZ -+i k- 

tpZH -+| ft— J 



3V 

ov 

3.5 V 

vol 



v-TT-Zjv V OH 



« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT2952A, SN74ABT2952A 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

D4511 , AUGUST 1992 - REVISED OCTOBER 1 992 



State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Two 8-Bit Back-to-Back Registers Store 
Data Flowing in Both Directions 

Noninverting Outputs 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



SN54ABT2952A . . . JT PACKAGE 



CM7./I A PTOQKO A 


. . DB, DW, 


OR NT PACKAGE 




(TOP VIEW) 


B8 r 


1 


u 

W 24 


]v cc 


B7 r 


2 


23 


] A8 


B6 r 


3 


22 


1 A7 


B5 [ 


4 


21 


] A6 


B4[ 


5 


20 


] A5 


B3[ 


6 


19 


] A4 


B2[ 




18 


] A3 


B1[ 


8 


17 


] A2 


OEAB[ 


9 


16 


]A1 


CLKAB [ 


10 


15 


] OEBA 


CLKENAB [ 


11 


14 


] CLKBA 


GND[ 


12 


13 


] CLKENBA 



description 



SN54ABT2952A . . . FK PACKAGE 
(TOP VIEW) 

CD N 00 O O CO N 

m m m z > < < 



B2 
B1 



OEAB 



B5 ] 
B4 ] 6 
B3 ] 7 
NC ] 8 



LJLJLJI— ILJLJLJ 

4 3 2 1 28 27 26 ri 
5 25[ A6 



D 9 

10 



12 13 14 15 16 1718 



mi 


— 1 


— f 1 — 1 


CD 


CO 


Q O 




< 


z z 




Z 


CD 




LU 


O 








_J 






o 





24[ A5 
23 [ A4 
22 [ NC 
21 [ A3 
20 [ A2 
19[ A1 



The 'ABT2952A consists of two 8-bit back-to-back 
registers that store data flowing in both directions 
between two bidirectional buses. Data on the A or 
B bus is stored in the registers on the low-to-high 
transition of the clock (CLKAB or CLKBA) in put 
provided t hat the clock-enable (CLKENAB or 
CLKEN B A) input is low. Taking the output-enable 
(OEAB or OEBA) input low accesses the data on 
either port. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vqq 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN74ABT2952A is available in Tl's shrink small-outline package (DB), which provides the same I/O pin 
count and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT2952A is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT2952A is characterized for operation from -40°C to 85°C. 



< < 

DQ CD 

LU -J 

* O 
_J 

o 



NC - No internal connection 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION _ Copyright © 1992, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to Jfj| 
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SN54ABT2952A, SN74ABT2952A 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

D4511, AUGUST 1992- REVISED OCTOBER 1 992 



FUNCTION TABLET 



INPUTS 


OUTPUT 


CLKENAB 


CLKAB 


OEAB 


A 


B 


H 


X 


L 


X 


Bo* 


X 


HorL 


L 


X 


Bo* 


L 


t 


L 


L 


L 


L 


t 


L 


H 


H 


X 


X 


H 


X 


Z 



t A-to-B d ataflow is s hown; B-to-A 'dataflow is similar 
but uses CLKENBA, CLKBA, and OEBA. 

* Level of B before the indicated steady-state input 
conditions were established. 



logic symbol§ 



OEBA 
CLKENBA 
CLKBA 

OEAB 
CLKENAB 
CLKAB 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 



15 



13 



14 



10 



16 



EN3 
G1 

> 1 C5 
EN4 
G2 

> 2C6 

X 



17 



18 



19 



20 



21 



22 



23 



V3 



5D 



6D 



4V 



B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 



§This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 
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logic diagram (positive logic) 



CLKENAB- 



11 



CLKAB 



10 



OEAB 



CLKENBA 



13 



On 



CLKBA 



OEBA 



14 



A1 



16 



C1< 
1D 



> C1 
1D 



B1 



-l> 



v 

To Seven Other Channels 



Pin numbers shown are for the DB, DW, JT, and NT packages. 
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SN54ABT2952A, SN74ABT2952A 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

D4511 , AUGUST 1992 - REVISED OCTOBER 1992 . 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc ... ■ ■ ■ ■ -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT2952A 96 mA 

SN74ABT2952A. 128 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■ ■ -50 mA 

Maximum power dissipation at = 55 °C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT2952A 


SN74ABT2952A 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


.0.8 


0.8 


V 


V| 


Input voltage 


0 


v C c 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas instruments reserves the right to 
change or discontinue these products without notice. 



2-244 



^j? Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT2952A, SN74ABT2952A 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

D4511 , AUGUST 1992 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT2952A 


SN74ABT2952A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| =-18mA 


-1.2 


-1.2 


-1.2 


V 


v OH 


V C C = 4.5 V, IOH = ~3mA 


2.5 


2.5 


2.5 


y 


Vcc = 5V > loH = ~ 3 mA 


3 


3 


3 


Vcc = 4.5 V, Iqh = -24 mA 


2 


2 




Vcc = 4.5 V, l 0 H = - 32 mA 


2* 




2 


Vni 
V UL 


Vcc = 4.5 V, IOL = 48mA 


0.55 


0.55 




v 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


l| 


Vcc = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


#- 


±1 


uA 


A or B ports 


±100 


.mo 


±100 


'OZH§ 


Vcc = 5.5 V, Vo = 2.7 V 


ou 


A 50 


ou 


ii A 


'OZL § 


Vcc = 5.5 V, Vo = 0.5 V 


-50 


^_ 

£ - 50 


-50 


HA 


•off 


Vcc = 0> V|orVo<4.5V 


±100 


-# 


±100 


uA 


•CEX 


Vcc = 5-5 V, Vo = 5.5 V 


Outputs high 


50 


* 50 


50 




i n 

lO'l 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'CC 


V C C = 5.5 V, 

io = o, 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


1 250 


250 


250 


|xA 


Outputs low 


24 35 


35 


35 


mA 


Outputs disabled 


0.5 250 


250 


250 


|iA 


Alcc # 


Vcc = 5.5 V, One Input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5Vor 0.5 V 


Control inputs 


3.5 






PF 


Cj 0 


Vq = 2.5 V or 0.5 V 


A or B ports 


7.5 






pF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters Iozh and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 





V C C = 5V, 
T A = 25°C 


SN54ABT2952A 


SN74ABT2952A 


UNIT 


MIN MAX 


MIN MA^ 


MIN MAX 


fclock Clock frequency 


0 150 


o i|fr" 


0 150 


MHz 


t w Pulse duration 


CLK high or low 


3.3 


3-3 #' 


3.3 


ns 


t S u Setup time before CLKt 


A or B 


High or low 


2.5 


2-5^ 


2.5 


ns 


CLKEN 


High or low 


3 




3 


t n Hold time after CLKt 


A or B 


1.5 


"if 


1.5 


ns 


CLKEN 


2 





2 



PRODUCT PREVIEW information concerns products In the formative or h 

design phase of development. Characteristic data and other W arn 

specifications are design goals. Texas Instruments reserves the right to wVW HTt^a/' a o 
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SN54ABT2952A, SN74ABT2952A 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

D4511, AUGUST 1992 - REVISED OCTOBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT2952A 


SN74ABT2952A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f max 






150 


150 


150 


MHz 


tPLH 


CLKAB or CLKBA 


B or A 


2 


3.3 


5.2 


2 


6,3 


2 


5.9 


ns 


tPHL 


2.5 


4 


6.1 


2.5 


6.8 


2.5 


6.3 


IPZH 


OEBA or OEAB 


A or B 


1.5 


3.2 


4.7 


1.5 


5.7 


1.5 


5.6 


ns 


tPZL 


2 


3.7 


5.7 


2 


6.7 


2 


6.6 


tPHZ 


OEBA or OEAB 


A or B 


1.5 


3.5 


5.1 


1.5 


6.5 


1.5 


6.4 


ns 


tpLZ 


1.5 


3.4 


5.9 


1 1.5 


6.7 


1.5 


6.2 



PRODUCT PREVIEW information concerns products in the formative or ■. • 

design phase of development. Characteristic data and other ^Rfi, 

specifications are design goals. Texas Instruments reserves the right to wV9 TVv"A C* 

change or discontinue these products without notice. lr.X A,S 
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OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



500 Q 

-vw- 



500 ft 



7V 



S1 



A f O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZrtpZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



,nput 15 y ^ X 1 ' 5Y " 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



th 



] Xi. 5 v )£77 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



ZX 15V XE: 



L J 

tPLH — |* ►[ 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



l PZL 



\l.5V Y 

A / vql + 0-: 



| tPHZ ~*\ i<- 
tpZH ">l f~ 



3 V 



VQH-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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General Information 



1 



ABT Octals 


2 


ABT Widebus™ 


™3 


ABTE/ETL Widebus™ W\ 


ABT Wldebus+™ 


5 


ABT Memory Drivers 


6 


ABT 25-Q Incident-Wave Switching Drivers jjQ 


Futurebus+/BTL Transceivers 


8 


ABT JTAG/IEEE 1149.1 


9 


LVTJTAG/IEEE 1149.1 


10 


LVT Octals 


11 


LVT Widebus™ 


12 


LVT Memory Drivers 




LVT/GTL Widebus™ 


14 


Application Notes and Articles 


15 


ABT Characterization Information 


16 


Mechanical Data 


17 
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ABT Widebus™ 
Features Benefits 



• Enhanced ac performance over ABT 
octals 

• JEDEC standard 48-/56-pin SSOP 
package 

• New EIAJ standard Shrink Widebus™ 
TSSOP package 

• Flow-through package pinout organizes 
all inputs on one side and all outputs on 
the other side 

• Distributed Vqq and GND pinouts 

• Universal bus transceiver (UBT™) 
architectures 

• Hot-card insertion and power-up 3-state 
circuitry 

• Tl has established an alternate source 



• Improved propagation delay versus 
number of outputs switching. Superior 
pin-to-pin output skew; 15-20% faster 
speed 

• 16, 18, or 20 bits of logic in the same 
space as that of a typical octal 

• 30% board space improvement over 
SSOP Widebus™ package; meets 1,1 -mm 
height requirements for memory card and 
other thin applications 

• Facilitates easy board layout; pin 
compatible with popular AC/ACT 
Widebus™ functions 

• Minimized mutual coupling and 2:1 
l/O-to-GND rates result in < 0.8-V 
simultaneous switching noise typically 

• Advanced integration, as one UBT™ can 
replace nearly all common bus-interface 
logic 

• Device protection for end-equipment- 
specific applications such as telecom 

• Standardization that comes from a 
common product approach 



The following table lists ABT Widebus™ devices currently being evaluated for market introduction. 
Customers interested in learning more about Tl's plans for these devices should contact the 
Advanced System Logic Marketing hotline at (214) 997-5202. 



DEVICE 


PIN COUNT 


DESCRIPTION 


'ABT16544 


56 


1 6-Bit Registered Transceiver 


'ABT16620 


48 


1 6-Bit Transceiver 


'ABU 6861 


56 


20-Bit Transceiver 


'ABT16953 


56 


1 6-Bit Registered Transceiver 



SN54ABT16240, SN74ABT16240 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS095A- D3956, DECEMBER 1991 - REVISED OCTOBER 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Distributed Vcc and OND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA I 0 h> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16240 ... WD PACKAGE 
SN74ABT16240 . . . DL PACKAGE 
(TOP VIEW) 



. 1 


48 


J 20E 


r « 
. 2 


47 


1 A A A 
J 1A1 


r o 

L 3 


46 


] 1A2 


L 4 


45 


] GND 


r _ 

L 5 


44 


] 1A3 


r . 

L 6 


43 


J 1A4 


L 7 


42 


J Vcc 


r o 

L 8 


41 


] 2A1 


r n 

L 9 


40 


] 2A2 


r 

. 10 


39 


] GND 


r aa 


38 


] 2A3 


L 12 


37 


] 2A4 


L 13 


36 


] 3A1 


[ 14 


35 


J 3A2 


[15 


34 


]GND 


[16 


33 


]3A3 


[17 


32 


] 3A4 


[18 


31 


]v cc 


[19 


30 


]4A1 


[ 20 


29 


]4A2 


[21 


28 


]GND 


[ 22 


27 


]4A3 


[ 23 


26 


]4A4 


[24 


25 


]30E 



The 'ABT16240 is a 16-bit buffer and line driver 
designed specifically to improve both the 
performance and density of 3-state memory 
address drivers, clock drivers, and bus-oriented 
receivers and transmitters. The device can be 
used as four 4-bit buffers, two 8-bit buffers, or one 
16-bit buffer. This device provides inverting 
outputs and symmetrical OE (active-low 
output-enable) inputs. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16240 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6240 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT16240 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 4-bit buffer) 


INPUTS 


OUTPUT 


OE A 


Y 


L H 


L 


L L 


H 


H X 


Z 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. — Copyright © 1992, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments ^Wi 1 

standard warranty. Production processing does not necessarily include wV9 Trrv A C 

testing of all parameters. \f I r ,X A> 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 3-3 



SN54ABT1 6240, SN74ABT1 6240 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS095A - D3956, DECEMBER 1991 - REVISED OCTOBER 1992 



logic symbolt 



10E 
20E 
30E 
40E 

1A1 
1A2 
1A3 
1A4 
2A1 
2A2 
2A3 
2A4 
3A1 
3A2 
3A3 
3A4 
4A1 
4A2 
4A3 
4A4 



1 

IN 


EN1 
EN2 
EN3 
EN4 

— 1 r* 


k 2 

N 


48 

*° IN 


OR 

25 IS 


24 IN 


47 


1 1 V 


46 


3 

N 




44 




5 




43 




6 




41 




8 

N 


1 2V 


40 


9 




38 




11 

N 




37 




12 

N 




36 




13 

N 


1 3V 


35 






33 








32 




17 




30 






1 4V 


29 


20 




27 




22 




26 




23 











t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



logic diagram (positive logic) 



1Y1 
1Y2 
1Y3 
1Y4 
2Y1 
2Y2 
2Y3 
2Y4 
3Y1 
3Y2 
3Y3 
3Y4 
4Y1 
4Y2 
4Y3 
4Y4 



10E 



1A1 



1A2 



1A3 



1A4 



20E 



2A1 



2A2 



2A3 



2A4 



30E 



3A1 



3A2 



3A3 



3A4 



40E 



4A1 



4A2 



4A3 



4A4 



47 



46 



44 



43 



41 



40 



38 



37 



25 



36 



35 



33 



32 



24 



30 









8 








9 








11 







29 



27 



26 



12 





> 




13 








14 








16 







17 









19 








20 








22 







23 



1Y1 



1Y2 



1Y3 



1Y4 



2Y1 



2Y2 



2Y3 



2Y4 



3Y1 



3Y2 



3Y3 



3Y4 



4Y1 



4Y2 



4Y3 



4Y4 
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SN54ABT16240, SN74ABT16240 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS095A- D3956, DECEMBER 1991 - REVISED OCTOBER 1992 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16240 96 mA 

SN74ABT16240 128mA 

Input clamp current, Iik ( v i < 0) -1 8 mA 

Output clamp current, Iqk ( v 0 < °) < -50 mA 

Maximum power dissipation at Ta = 55°C (in still air) 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT16240 


SN74ABT16240 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


v 


V|L 


Low-level input voltage 




0.8 


0.8 


v 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


•oh 


High-level output current 




-24 


-32 


mA 


"OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT1 6240, SN74ABT1 6240 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS095A- D3956, DECEMBER 1991 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16240 


SN74ABT16240 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1-2 


-1.2 


V 


VOH 


Vcc = 4.5 V, loH = -3mA 


2.5 


2.5 


2.5 


V 


V C C = 5V, l 0 H=-3mA 


3 


3 


3 


Vcc = 4 5 V, loH=- 2 4mA 


2 


2 




Vcc = 4.5 V, loH = - 32 mA 


2* 




2 


vol 


Vcc = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, IOL = 64 m A 


0.55+ 




0.55 


h 


V C C = 5.5 V, V| = V C C or GND 


±1 


±1 


±1 


uA 


I07H 


Vcc = 55 v - v O = 2.7 V 


50 


50 


50 


uA 


'OZL 


Vcc = 5-5 V, Vq = 0.5 V 


-50 


-50 


-50 


HA 


'off 


Vcc = °» V|orVQ^4.5V 


±100 




±100 


^A 


«CEX 


Vcc = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


MA 


l 0 § 


VCC = 5-5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


■CC 


V C C = 5.5 V, '0 = 0, 
V| = Vcc or GND 


Outputs high 


2 


2 


2 




Outputs low 


32 


32 


32 


Outputs dis- 
abled 


2 


2 


2 


Alec 11 


V CC = 5.5 V, 
One input at 
3.4 V, 

Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1 


1.5 


1 


mA 


Outputs dis- 
abled 


0.05 


1 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


7 






PF 


Co 


Vq = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vcc - 5 V. 

+ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT16240 


SN74ABT16240 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


1 


2.7 


3.8 


0.8 


4.8 


1 


4.7 


ns 


tPHL 


1.1 


3.1 


4.3 


1.1 


4.9 


1.1 


4.8 


tpZH 


OE 


Y 


1.3 


3.3 


4.3 


1.3 


5.4 


1.3 


5.3 


ns 


tpZL 


1.4 


3.4 


6.2 


1.4 


7.2 


1.4 


7.1 


tPHZ 


OE 


Y 


1.6 


3.6 


4.8 


1.6 


7.2 


1.6 


6.1 


ns 


tPLZ 


1.4 


3 


5.1 


1.4 


5.7 


1.4 


5.6 
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SN54ABT16240, SN74ABT16240 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS095A- D3956, DECEMBER 1991 - REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output _ 



Under Test 
C L = 50 pF 
(see Note A) 



500 Q. 

-Wv- 



o 7V 
SI/" O Open 



500 Q 



? GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 



— y y — 

15 V A A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



tsu 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
OV 



3V 
OV 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpzL -J\ k— 



! tPLZ-H 



A / VQL + 03V 



tpZH ~>\ |4- 



| tpHZ"^ 



3V 
0V 

3.5 V 

vol 



UlTTSZav v oh 



« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulsus are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16241, SN74ABT16241 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS096A- D3792, FEBRUARY 1991 - REVISED OCTOBER 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 

Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA I 0 l) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16241 ... WD PACKAGE 
SN74ABT16241 . . . DL PACKAGE 
(TOP VIEW) 



ioe[ 

1Y1 [ 



u 

1 


48 


2 


47 


3 


46 


4 


45 


5 


44 


6 


43 


7 


42 


8 


41 


9 


40 


10 


39 


11 


38 


12 


37 


13 


36 


14 


35 


15 


34 


16 


33 


17 


32 


18 


31 


19 


30 


20 


29 


21 


28 


22 


27 


23 


26 


24 


25 



] 1A2 

]gnd 

] 1A3 
] 1A4 

]Vcc 
J2A1 
]2A2 

]gnd 

]2A3 



]gnd 

]3A3 
]3A4 

} Vcc 

J4A1 
]4A2 

]gnd 

]4A3 
]4A4 
]3QE 



The 'ABT16241 is a 16-bit buffer and line driver 
designed specifically to improve both the 
performance and density of 3-state memory 
address drivers, clock drivers, and bus-oriented 
receivers and transmitters. The device can be c 
used as four 4-bit buffers, two 8-bit buffers, or one 
16-bit buffer. This device provides true outputs 
and complementary output-enable (OE and OE) 
inputs. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vcc 

through a pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of 
the driver. OE should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined 
by the current-sourcing capability of the driver. 

The SN74ABT16241 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6241 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6241 is characterized for operation from -40°C to 85°C. 



Widebus and EPIC-HB are trademarks of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. - Copyright © 1992, Texas Instruments Incorporated 

~ " of Texas Instruments ill 

t _ nnofflllnfl - tora * necessarily include W* TpVAC 

testing of all parameters. ^ I rV/Vr\»j 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
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SN54ABT16241, SN74ABT16241 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS096A- D3792, FEBRUARY 1991 - REVISED OCTOBER 1992 



FUNCTION TABLES 



INPUTS 


OUTPUTS 




10E,40E 1A,4A 


1Y,4Y 


10E 


L H 


H 




L L 


L 


1A1 


H X 


Z 








1A2 


INPUTS 


OUTPUTS 


20E, 30E 2A, 3A 


2Y,3Y 


1A3 


H H 


H 


H L 


L 




L X 


Z 


1A4 



logic symbolt 



10E 
2QE 
30E 
40E 

1A1 
1A2 
1A3 
1A4 
2A1 
2A2 
2A3 
2A4 
3A1 
3A2 
3A3 
3A4 
4A1 
4A2 
4A3 
4A4 



48 



25 



24 



EN1 
EN2 
EN3 
EN4 



47 


1 1 V 


2 


46 


3 




44 




5 




43 




6 




41 




8 


1 2V 


40 


9 




38 




11 




37 




12 




36 




13 


1 3V 


35 


14 




33 




16 




32 




17 




30 




19 


1 4V 


29 


20 




27 




22 




26 




23 











1Y1 
1Y2 
1Y3 
1Y4 
2Y1 
2Y2 
2Y3 
2Y4 
3Y1 
3Y2 
3Y3 
3Y4 
4Y1 
4Y2 
4Y3 
4Y4 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



20E 



2A1 



2A2 



2A3 



2A4 



30E 



3A1 



3A2 



3A3 



3A4 



40E 



4A1 



4A2 



4A3 



4A4 



47 



46 



44 



43 



48 



41 



40 



38 



37 



25 



36 



35 



33 



32 



24 



30 



29 



27 



26 



11 



12 



13 



14 



16 



17 



1Y1 



1Y2 



1Y3 



1Y4 



2Y1 



2Y2 



2Y3 



2Y4 



3Y1 



3Y2 



3Y3 



3Y4 



19 



20 



22 



23 



4Y1 



4Y2 



4Y3 



4Y4 
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SN54ABT16241, SN74ABT16241 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS096A- D3792, FEBRUARY 1991 - REVISED OCTOBER 1992 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16241 96 mA 

SN74ABT16241 128 mA 

Input clamp current, l|« (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at = 55°C (in still air) 0.85 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT16241 


SN74ABT16241 


UNIT 






MIN MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°c 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT1 6241 , SN74ABT1 6241 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS096A- D3792, FEBRUARY 1991 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT16241 


SN74ABT16241 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vrr = 4.5 V. Inw = — 3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Ioh = - 3 mA 


3 


3 


3 


Vcc = 4.5 V, loH=-24mA 


2 


2 




Vcc = 4.5 V, Iqh = - 32 mA 


2* 




2 


vol 


VCC = 4.5 V, loL = 48mA 


0.55 


0.55 




V 


Vcc = 4.5 V, loL = 64mA 


0.55* 




0.55 


"i 


V C C = 5.5 V, V| = V C corGND 


±1 


±1 


±1 


uA 


'OZH 


Vcc = 5.5 V, Vo = 2.7V 


50 


50 


50 


uA 


'OZL 


V C C = 5.5 V, Vq = 0.5 V 


-50 


-50 


-50 


|iA 


'off 


Vcc = 0» V|orV 0 <4.5V 


±100 




+100 


"A 


'CEX 


Vcc = 5.5 V, Vq = 5.5V Outputs high 


50 


50 


50 


uA 


io § 


V C C = 5.5 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5-5 V, l 0 = 0, 
V| = V C c orGND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs 
disabled 


2 


2 


2 


Alec 11 


Vcc = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs 
enabled 


1 


1.5 


1 


mA 


Outputs 
disabled 


0.05 


1 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


7 






pF 


Co 


Vo = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT16241 


SN74ABT16241 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


1 


2.7 


3.4 


0.9 


3.8 


1 


3.7 


ns 


tPHL 


1 


2.7 


3.9 


0.9 


4.6 


1 


4.5 


IPZH 


OE or OE 


Y 


1.2 


3.3 


4.2 


1.2 


5.1 


1.2 


5 


ns 


tPZL 


1.3 


3.4 


5.9 


1.3 


7 


1.3 


6.9 


tPHZ 


OEorOE 


Y 


1.5 


4.1 


5 


1.5 


7 


1.5 


6.2 


ns 


tPLZ 


1.7 


3.6 


5.1 


1.7 


5.7 


1.7 


5.6 
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SN54ABT16241, SN74ABT16241 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS096A- D3792, FEBRUARY 1991 - REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output _ 



Under Test 
C L = 50pF 
(see Note A) 



500 ft 

-AAA/ — 



500 Q 



o 7V 

Si/ o Open 
9 GND 



TEST 


S1 


tPLH^PHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— nj/ y — 

Input 1-5Vjt A 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpzL -►! k- 



tPLZ-^ |4- 



\l.5V Y 

\ / V OL + 0.3V 



*PZH -*| |4~ 



| tpHZ-^ f~ 



3V 
0V 

3.5 V 

vol 



V OH 
0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zrj = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT16244, SN74ABT16244A 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS073D - D3711 , SEPTEMBER 1991 - REVISED AUGUST 1993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
Distributed Vqq and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA l 0L ) 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16244 ... WD PACKAGE 
SN74ABT16244A . . . DGG OR DL PACKAGE 
(TOP VIEW) 



[ 1 


u 

48 


J 20E 


r 

[2 


47 


J 1A1 


[3 


46 


] 1A2 


[4 


45 


] GND 


[ 5 


44 


] 1A3 


[6 


43 


] 1A4 


[7 


42 


]v cc 


[ 8 


41 


]2A1 


L 9 


40 


J 2A2 


[ 10 


39 


] GND 


[ 11 


38 


]2A3 


[ 12 


37 


] 2A4 


[ 13 


36 


] 3A1 


[ 14 


35 


] 3A2 


[ 15 


34 


] GND 


[16 


33 


] 3A3 


[17 


32 


] 3A4 


[18 


31 


]v cc 


[19 


30 


] 4A1 


[ 20 


29 


] 4A2 


[21 


28 


] GND 


[ 22 


27 


]4A3 


[ 23 


26 


]4A4 


[ 24 


25 


] 30E 



The SN54ABT16244 and SN74ABT1 6244A are 
16-bit buffers and line drivers designed 
specifically to improve both the performance and 
density of 3-state memory address drivers, clock 
drivers, and bus-oriented receivers and 
transmitters. The devices can be used as four 4-bit 
buffers, two 8-bit buffers, or one 16-bit buffer. 
These devices_ provide true outputs and 
symmetrical OE (active-low output-enable) 
inputs. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 6244A is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circu it-board area. 

The SN54ABT1 6244 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT16244A is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each buffer) 


INPUTS 


OUTPUT 


OE A 


Y 


L H 


H 


L L 


L 


H X 


Z 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. — Copyright © 1993, Texas Instruments Incorporated 

s of Texas Instruments 9 am 

testing of all parameters. ~ _~ \^ TlEX^VS 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
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SN54ABT16244, SN74ABT16244A 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS073D - D3711 , SEPTEMBER 1991 - REVISED AUGUST 1993 



logic symbolt 



10E 
20E 
30E 
401 

1A1 
1A2 
1A3 
1A4 
2A1 
2A2 
2A3 
2A4 
3A1 
3A2 
3A3 
3A4 
4A1 
4A2 
4A3 



1 IX 


EN1 
EN2 
EN3 
EN4 

^ r 


2 


48 IS 


25 IS 


24 rs 


47 


1 1 V 


46 


3 




44 


5 




43 


6 




41 


8 


1 2 V 


40 


9 




38 


11 




37 


12 




36 


13 


1 3 V 


35 


14 




33 


16 




32 


17 




30 


19 


1 4V 


29 


20 




27 


22 




26 


23 











logic diagram (positive logic) 

15i - L ^t>— 



1Y1 
1Y2 
1Y3 
1Y4 
2Y1 
2Y2 
2Y3 
2Y4 
3Y1 
3Y2 
3Y3 
3Y4 
4Y1 
4Y2 
4Y3 
4Y4 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



1A1 



1A2 



1A3 



1A4 



20E 



2A1 



2A2 



2A3 



2A4 



30E 



3A1 



3A2 



3A3 



3A4 



40E 



4A1 



4A2 



4A3 



4A4 



47 



46 



44 



43 



48 



41 



40 



38 



37 



25 



36 



35 



33 



32 



24 



30 



29 



27 



26 









8 






>— 


9 








11 







12 







!>— 


13 






i ( 

!>— 


14 








16 








17 









19 








20 






u 


22 








23 



1Y1 



1Y2 



1Y3 



1Y4 



2Y1 



2Y2 



2Y3 



2Y4 



3Y1 



3Y2 



3Y3 



3Y4 



4Y1 



4Y2 



4Y3 



4Y4 
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SN54ABT16244, SN74ABT16244A 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS073D - D371 1 , SEPTEMBER 1 991 - REVISED AUGUST 1 993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0-5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16244 96 mA 

SN74ABT16244A 128 mA 

Input clamp current, l|K ( v l < 0) -18 mA 

Output clamp current, Iqk ( v 0 < °) ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT16244 


SN74ABT16244A 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT16244, SN74ABT16244A 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS073D - D3711 , SEPTEMBER 1991 - REVISED AUGUST 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°Ct 


SN54ABT16244 


SN74ABT1 6244A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


v lr\ 


Vqq = 4.5 V, l| = -1 8 mA 


-1 .2 


-1.2 


-1 .2 


v 


VOH 




2.5 


2.5 


2.5 


V 


Vrr = 5 V lou = — 3 mA 
v — v, 'vjn 


3 


3 


3 


V C C = 4.5 V, l0H = -24mA 


2 


2 




Vcc = 4.5 V, loH = - 32mA 


29 




2 


vol 


Vcc = 4.5 V, l0L = 48mA 


0.55 


0.55 




V 


Vcc = 4.5 V, loi_ = 64mA 


0.55§ 




0.55 


ii 


V C C = 5.5 V, V| = VccorGND 


±1 


±1 


±1 


HA 


'OZH 


VCC = 5.5 V, Vq = 2.7 V 


1 0 ll 


10 


10" 


pA 


'OZL 


Vcc = 5.5 V, Vq = 0.5 V 


-10H 


— 10 


-10H 


|iA 


'off 


Vcc = 0» V|orVQ^4.5V 


±100 


±100 


±100 


|xA 


'CEX 


V C C = 5-5 V, 
Vq = 5.5 V 


Outputs high 


50 


50 


50 


^iA 


l 0 # 


Vcc -5.5 V, V 0 = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5-5 V, 

io = o, 

V| = Vcc or GND 


Outputs high 


3 


2 


3 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


3 


2 


3 


Alec" 


V C C = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data 
inputs 


Outputs enabled 


0.05 


1.5 


0.05 


mA 


Outputs disabled 


0.05 


1 


0.05 


Control inputs 


0.05 


1.5 


0.05 


Cj 


V| = 2.5 V or 0.5 V 


3 






pF 


Co 


Vq = 2.5 V or 0.5 V 


8 






PF 



t Characteristics for TA = 25°C apply to the SN74ABT16244A only, 
t- All typical values are at Vcc = 5 V. 

§ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
11 This data sheet limit may vary among suppliers. 

# Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
II This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC = 5V, 
T A = 25°Ct 


SN54ABT16244 


SN74ABT16244A 


UNIT 




MIN TYP 


MAX 


MIN 


MAX 


MIN MAX 




tPLH 


A 


Y " 


1 2.3 


3.2 


0.7 


3.7 


1 3.5 


ns 


tPHL 


1 2.6 


3.7 


0.5 


4.3 


1 4.1 


tpZH 


OE 


Y 


1 3 


3.8 


0.7 


5 


1 4.8 


\ ns 


tPZL 


1 3.2 


4 


0.9 


5 


1 4.8 


tPHZ 


OE 


Y 


1 3.6 


4.4 


1 


5 


1 4.8 


ns 


tp LZ 


1 2.9 


3.7 


1 


4.3 


1 4.1 
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SN54ABT16244, SN74ABT16244A 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS073D - D3711, SEPTEMBER 1991 - REVISED AUGUST 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 £2 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ/tPZL 
tPHZ'tPZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 ^ 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



X™1 ov 



Input 
(see Note B) 



Output 



Output 



X 15V ) (™ 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpzL k- 



tpZH 



"\l.5V Y 

\ / YpL+_0-3V 



| tpHZ-^ |4- 



3 V 
0V 

3.5 V 

vol 



« 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT16245, SN74ABT16245 
16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS084B - D3712, JANUARY 1991 - REVISED DECEMBER 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-UB m BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical V 0 |_p (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 

Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA I 0 h> 
64-itiAIol) 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT16245 ... WD PACKAGE 
SN74ABT16245 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



description 



— rr 

1 U 






48 


2 


47 


3 


46 


4 


45 


5 


44 


6 


43 




42 


8 


41 


9 


40 


10 


39 


11 


38 


12 


37 


13 


36 


14 


35 


15 


34 


16 


33 


17 


32 


18 


31 


19 


30 


20 


29 


21 


28 


22 


27 


23 


26 


24 


25 



] 10E 



] GND 
] 1A3 
] 1A4 

]v cc 

J 1A5 
] 1A6 

]gnd 

] 1A7 
] 1A8 
]2A1 



B bus to the A bus depending upon the logic level at the 
input can be used to disable the device so that the buses 



The 'ABT16245 is a 16-bit (dual-octal) 
noninverting 3-state transceiver designed for . 
synchronous two-way communication between 
data buses. The control function implementation 
minimizes external timing requirements. 

This device can be used as two 8-bit transceivers 
or one 16-bit transceiver. It allows data 
transmission from the A bus to the B bus or from the 
direction-control (DIR) input. The output-enable (OE) 
are effectively isolated. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqq through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16245 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6245 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6245 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. — Copyright© 1992, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments > il 

standard warranty. Production processing does not necessarily include wk'W TtvA C 

testing of all parameters. ItAAJj 
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SN54ABT16245, SN74ABT16245 
16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS084B - D3712, JANUARY 1991 - REVISED DECEMBER 1992 



logic symbolt 



10E 
1DIR 



20E 
2DIR 



1A1 

1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
2A1 

2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



48 



25 



24 



47 



46 



44 



43 



41 



40 



38 



37 



36 



35 



33 



32 



30 



29 



27 



26 



G3 

3 EN1 [BA] 
3 EN2 [AB] 
G6 

6EN4 [BA] 
6 EN5 [AB] 



V 1 



2V 



V 4 



5V 



— « 


» — 






3 




5 


— 

— 


6 




8 


— 


9 


— 4>— 


11 


— «-►— 


12 




13 


— « 








14 


— 


16 


— 


17 


— 


19 


— 4>- 


20 


— 


22 


— o- 

— 4-*— 


23 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 



logic diagram (positive logic) 



1B1 

1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
2B1 

2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 



1DIR 1 i — I \ 



1A1 



47 



HP 




i?-10E 



1B1 



To Seven Other Channels 



2DIR 



2A1 



24 



36 




25 



20E 



13 



2B1 



To Seven Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vcc • -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) . -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq ■ ■ -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16245 96 mA 

SN74ABT1 6245 1 28 mA 

Input clamp current, I ik (V| < 0) -18 mA 

Output clamp current, Iqk ( v 0 < °) • • ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 1 50°C 

+ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absoiute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. v 
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SN54ABT16245, SN74ABT16245 
16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS084B - D3712, JANUARY 1991 - REVISED DECEMBER 1992 



recommended operating conditions (see Note 2) 







SN54ABT16245 


SN74ABT16245 


UNIT 






MIN 


MAX 


MIN 


MAX 


v cc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V . 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16245 


SN74ABT16245 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1-2 


V 


VOH 


Vcc = 45 V, lOH = - 3 mA 


2.5 


2.5 


2.5 


V 


VcC = 5V, l 0 H=-3mA 


3 


3 


3 


Vcc = 4 5 V, lOH = - 24 mA 


2 


2 




Vcc = 4 -5V, l 0 H = -32mA 


2t 




2 


vol 


Vcc = 4 5 V, lOL = 48mA 


0.55 


0.55 




V 


Vcc = 4 -5 V Iql = 64 mA 


0.55* 




0.55 


"i 


V C C = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


+1 


±1 


uA 


A or B ports 


+100 


±100 


+100 


"OZH § 


Vcc = 5.5 V, Vo = 2.7V 


10H 


10 


10H 




•OZL§ 


Vcc = 5.5 V, V O = 0.5V 


-10H 


-10 


-1011 


uA 


•off 


Vcc = °. v | or Vq < 4.5 V 


+100 




±100 




•CEX 


Vcc = 5.5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


^A 


l 0 # 


V C C = 5-5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


VCC = 5.5 V, 

io = o. 

V| = Vcc or GND 


A or B ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs 
disabled 


2 


2 


2 


Alec" 


V C C - 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs 
enabled 


1 


1.5 


1 


mA 


Outputs 
disabled 


0.05 


1 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 


Qo 


Vq = 2.5 V or 0.5 V 


A or B ports 


8.5 






PF 



t All typical values are at Vcc = 5 V. 

+" On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH ana " 'OZL include the input leakage current. 
H This data sheet limit may vary among suppliers. 

# Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

II This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT1 6245, SN74ABT1 6245 
16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS084B - D3712, JANUARY 1991 - REVISED DECEMBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT16245 


SN74ABT16245 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


AorB 


BorA 


1 


2.2 


3.4 


0.5 


4 


1 


3.9 


ns 


tPHL 


1 


2.1 


3.8 


0.5 


4.6 


1 


4.5 


tpZH 


OE 


Bor A 


1 


3.1 


4.4 


0.8 


5.5 


1 


5.4 


ns 


tpZL 


1 


3 


6.1 


0.9 


7.3 


1 


7.2 


tPHZ 


OE 


BorA 


1.3 


3.5 


4.7 


1.3 


6,3 


1.3 


5.5 


ns 


tPLZ 


1.4 


3.2 


4.7 


1.4 


5.3 


1.4 


5.2 
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SN54ABT16245, SN74ABT16245 
16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS084B - D3712, JANUARY 1991 - REVISED DECEMBER 1992 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q 

-AAA/ — 



500 O 



S1, 



p 7V 
O Open 

9 GND 



TEST 


S1 


tPLH^PHL 
tPLZ/tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— y y — 

Input 1-5Vit A 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
0V 



Timing Input 



Data Input 



y 



1.5 V 

|\ 



th 



y ^ 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
OV 



Input 
(see Note B) 



Output 



Output 



L J 

tPLH ~f *| 



3V 
0V 



*PHL 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL k- 



tpLZ-^ \*~ 



3V 
0V 



3.5 V 

vol 



\1.5V ' I/ 

| tpHZ"^ . k- 
tpZH -#| |4- 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £1, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16260, SN74ABT16260 
12-BIT TO 24-BIT MULTIPLEXED D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 



JUNE 1992 - REVISED JULY 93 



Members of the Texas Instruments 
Widebus 7 ^ Family 

State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-1 7 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 

Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 64-mA Iql) 
Bus-Hold Inputs Eliminate the Need for 
External Pullup Resistors 
Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT16260 ... WD PACKAGE 
SN74ABT16260 . . . DL PACKAGE 
(TOP VIEW) 



description 



OEA[ 1 
LE1B[ 2 
2B3[ 3 
GND[ 4 
2B2[ 5 
2B1 [ 6" 
V CC [7 
A1 [ 8 
A2[ 9 
A3[ 10 
GND[ 11 
A4[ 12 
A5[ 13 
A6[ 14 
A7[ 15 
A8[ 16 
A9[ 17 
GND[ 18 
A10[ 19 
A11 [ 20 
A12[ 21 
V C C [ 22 
1B1 [ 23 
1B2[ 24 
GND [ 25 
1B3[ 26 
LE2B [ 27 
SEL [ 28 



XT 



56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 



OE2B 

LEA2B 

2B4 

GND 

2B5 

2B6 

V C C 
2B7 
2B8 
2B9 
GND 
2B10 
2B11 
2B12 
1B12 
1B11 
1B10 
GND 
1B9 
1B8 
]1B7 

]V CC 
1B6 
1B5 
GND 
1B4 
] LEA1 B 
] OEtB 



The 'ABT16260 is a 12-bit to 24-bit multiplexed 
D-type latch used in applications where two 
separate data paths must be multiplexed onto, or 
demultiplexed from, a single data path. Typical 
applications include multiplexing and/or 
demultiplexing of address and data information in 
microprocessor- or bus-interface applications. 
This device is also useful in memory-interleaving 
applications. 

Three 1 2-bit I/ O ports ( A1-A1 2, 1 B 1-1B 1 2, and 2B1 -2B1 2) are available for address and/or data tr ansf er. The 
output-enable (OE1B, OE2B, and OEA) inputs control the bus transceiver functions. The OE1B and OE2B 
control signals also allow bank control in the A to B direction. 

Address and/or data information can be stored using the internal storage latches. The latch-enable (LE1B, 
LE2B, LEA1 B, and LEA2B) inputs are used to control data storage. When the latch-enable input is high, the latch 
is transparent. When the latch-enable input goes low, the data present at the inputs is latched and remains 
latched until the latch-enable input is returned high. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqq through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16260 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6260 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6260 is characterized for operation from -40°C to 85°C. 
Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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Function Tables 

BTOA(OEB = H) 



INPUTS 


f\n |Tni IT" 

OUTPUT 
A 


1B 


2B 


SEL 


LE1B 


LE2B 


OEA 


H 


X 


H 


H 


X 


L 


H 


L 


X 


H 


H 


X 


L 


L 


X 


X 


H 


L 


X 


L 


AO 


X 


H 


L 


X 


H 


L 


H 


X 


L 


L 


X 


H 


L 


L 


X 


X 


L 


X 


L 


L 


Ao 


X 


X 


X 


X 


X 


H 


Z 



INPUTS 


OUTPUTS 


A 


LEA1B 


LEA2B 


OE1B 


OE2B 


1B 


2B 


H 


H 


H 


L 


L 


H 


H 


L 


H 


H 


L 


L 


L 


L 


H 


H 


L 


L 


L 


H 


2B 0 


L 


H 


L 


L 


L 


L 


2B 0 


H 


L 


H 


L 


L 


1B 0 


H 


L 


L 


H 


L 


L 


1B 0 


L 


X 


L 


L 


L 


L 


1B 0 


2B 0 


X 


x 


X 


H 


H 


Z 


Z 


X 


X 


X 


L 


H 


Active 


Z 


X 


X 


X 


H 


L 


Z 


Active 


X 


X 


X 


L 


L 


Active 


Active 
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logic diagram (positive logic) 



LE1B- 




SEL — 



A1- 



C1 
1D 



C1 
1D 



C1 
1D 



C1 
1D 



23 

f 1B1 



* 2B1 



v 

To 11 Other Channels 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -°- 5 V to 7 V 

Input voltage range, V| (see Note 1 ) i -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq — ... -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT1 6260 96 mA 

SN74ABT16260 128 mA 

Input clamp current, l|« (V| < 0) — -1 8 mA 

Output clamp current, Iqk ( v O < °) ■ ■ ■ — ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions 









SN54ABT16260 


SN74ABT16260 


UNIT 








MIN MAX 


MIN 


MAX 


v C c 


Supply voltage 




4.5 5.£ 


4.5 


5.5 


V 


V| H 


High-level input voltage 




2 4f 


2 


V 


V|L 


Low-level input voltage 




gjb.8 


0.8 


v 


V| 


Input voltage 




' o Cvcc 


0 


vcc 


V 


'OH 


High-level output current 




• 

•P "24 


-32 


mA 


lOL 


Low-level output current 






64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


# ■ 10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT16260 


SN74ABT16260 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


V 0H 


V C C = 4.5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = - 3 mA 


3 


3 


3 


VcC = 4.5 V, Iqh = -24 mA 


2 


2 




Vcc = 4.5 V, Iqh = - 32 mA 


2+ 




2 


vol 


Vcc = 4.5 V, Iol = 48 mA 


0.55 


0.55 




V 


VcC = 4.5 V, Iql = 64 mA 


0.55+ 




0.55 


ii 


V C C = 5.5 V, 
V| = Vcc o r GND 


Control inputs 


±1 




±1 




A or B ports 


±100 


±S)o 


±100 


'l(hold) 


VcC = 4-5 V, V| = 0.8 V 


A or B ports 






100 




VcC = 4-5 V, V| = 2 V 




? 


-100 


"OZH § 


V C C = 5.5 V, Vq = 2.7 V 


50 


; 50 


50 


HA 


'OZL § 


VcC = 5-5V, V O = 0.5V 


-50 


- -50 


-50 


HA 


'off 


Vcc = 0. V|orVo<4.5 V 


±100 




±100 


HA 


>CEX 


Vcc = 5.5 V, Vq = 5.5 V Outputs high 


50 


50 


50 


HA 




Vcc = 5.5 V, Vq = 2.5V 


-50 -100 -225 


-50 -225 


-50 -225 


mA 


•cc 


V C C = 5.5 V, 'O = 0, 
V| = V C c or GND 


Outputs high 


1.5 


1.5 


1.5 


mA 


Outputs low 


63 


63 


63 


Outputs 
disabled 


1 


1 


1 


Alcc # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5Vor 0.5 V 


3 






PF 


Cj 0 


V 0 = 2.5 Vor 0.5 V 


11.5 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH and 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 







V C C = 5V, 
Ta = 25°C 


SN54ABT16260 


SN74ABT16260 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 




t w 


Pulse duration, LE1B, LE2B, LEA1B, or LEA2B high 


3.3 


3*3 '\s 


3.3 


ns 


*su 


Setup time, data before LE1B, LE2B, LEA1B, or LEA2B! 


1.5 




1.5 


ns 


th 


Hold time, data after LE1 B, LE2B, LEA1 B, or LEA2Bi 


1 




1 


ns 



PRODUCT PREVIEW information concerns products in the formative or 

design phase of development. Characteristic data and other _ 
specifications are design goals. Texas Instruments reserves the right to TpvA O 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT16260 


SN74ABT16260 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




_ _ 

*PLH 


AorB 


Bor A 


1 


3.1 


4.8 


1 


5.9 


1 


5.6 


ns 


*PHL 


1 


3.4 


5 


1 


6.3 


1 


5.9 


*PLH 


LE 


AorB 


1*1 


3.2 


4.9 


1.1 


6.6 


1.1 


5.8 


ns 


tDUl 
tHL 


1.1 


3.3 


4.9 


1.1 JB 


1.1 


5.3 


tPLH 


SEL (B1) 




1.3 


3.2 


4.6 


1.3 




1.3 


5.3 




SEL (B2) 


A 


1.1 


3.4 


4.9 


i.n 


r 6.3 


1.1 


6 


ns 


tPHL 


SEL (B1) 


1.5 


3.1 


4.4 




4.7 


1.5 


4.4 


SEL (B2) 




1.6 


3.6 


5.1 




6.2 


1.6 


5.9 




tPZH 


OE 


AorB 


1 


3.3 


4.7 




6.4 


1 


5.7 


ns 


tPZL 


1.6 


3.8 


5.1 


1.6 


6.1 


1.6 


5.8 


tPHZ 


OE 


AorB 


2.2 


4.1 


5.4 


2.2 


6.6 


2.2 


6.4 




t PLZ 


1.3 


3.2 


4.4 


1.3 


5.4 


1.3 


4.8 


ns 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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From Output 

Under Test 

C L = 50 pF ^=L_ 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q. 

-AAA/ — 



500 Q 



o 7V 

SI/* o Open 
9 GND 



TEST 


S1 


tPLHAPHL 
tPLZ^PZL 
tPHZ/tPZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



-H- 
^ * 



Jy vL 



1.5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3 V 
OV 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL-^| k- | 
' tpLZ-^ 
\l.5V • \S 



I tpHZ-^l 
tpZH ~*\ |^- 



,3 V 



3V 
0V 

3.5 V 

vol 

V 0 H 

« OV 



VOLTAGE waveforms 

ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-1IB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 

Distributed Vqc and GND pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA I 0 h> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT16373A ... WD PACKAGE 
SN74ABT16373A . . . DGG OR DL PACKAGE 
(TOP VIEW) 



1Q6[ 

gnd[ 

1Q7[ 



gnd[ 

2Q3[ 



description 



— rj 




1 


48 


2 


47 


3 


46 


4 


45 


5 


44 


6 


43 


7 


42 


8 


41 


9 


40 


10 


39 


11 


38 


12 


37 


13 


36 


14 


35 


15 


34 


16 


33 


17 


32 


18 


31 


19 


30 


20 


29 


21 


28 


22 


27 


23 


26 


24 


25 



]1LE 
] 1D1 
] 1D2 
] GND 
] 1D3 
] 1D4 

]v C c 

J 1D5 
] 1D6 
] GND 
] 1D7 
] 1D8 
]2D1 
]2D2 
] GND 
]2D3 
] 2D4 



]2D6 



]2D8 
]2LE 



The 'ABT16373A is a 16-bit transparent D-type * 

latch with 3-state outputs designed specifically for G 

driving highly capacitive or relatively < 

low-impedance loads. It is particularly suitable for < 

implementing buffer registers, I/O ports, s 
bidirectional bus drivers, and working registers. 

The device can be used as two 8-bit latches or one 16-bit latch. When the latch-enable (LE) input is high, the 
Q outputs follow the data (D) inputs. When LE is taken low, the Q outputs are latched at the levels set up at the 
D inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without need for interface or pullup components 

The output enable (OE) does not affect internal operations of the latch. Old data can be retained or new data 
can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 6373A is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6373A is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6373A is characterized for operation from -40°C to 85°C. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



publication date. _ Copyright © 1992, Texas Instruments Incorporated 

Texas Instruments ^m/3L _ 

lecessarily include wVW *TV?"V A C» 

testing of all parameters. \j I f- 1 . X/\^ 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
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logic symbolt 



10E 
1LE 
20E 
2LE 

1D1 
1D2 
1D3 
1D4 
1D5 
1D6 
1D7 
1D8 
2D1 
2D2 
2D3 
2D4 
2D5 
2D6 
*2D7 
2D8 



FUNCTION TABLE 
(each latch) 



INPUTS 


OUTPUT 
Q 


OE 


LE 


D 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


z 



1 IS 


1EN 
C3 
2EN 
C4 


2 


48 


24 IS 


25 


47 


3D 1 V 


46 


3 




44 




5 




43 




6 




41 




8 




40 




9 




38 




11 




37 




12 




36 


13 


4D 2 V 


35 


14 




33 


16 




32 


17 




30 


19 




29 


20 




27 




22 




26 




23 











tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 61 7-1 2. 



logic diagram (positive logic) 

On 



10E 



— ! 4>n 



1D1 



47 



1Q1 
1Q2 
1Q3 
1Q4 
1Q5 
1Q6 
1Q7 
1Q8 
2Q1 
2Q2 
2Q3 
2Q4 
2Q5 
2Q6 
2Q7 
2Q8 



1Q1 



V 

To Seven Other Channels 



20E 



24 



On 



2LE 



2D1 



36 



2Q1 



v- 

To Seven Other Channels 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16373A 96 mA 

SN74ABT16373A 128mA 

Input clamp current, l|K (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT16373A 


SN74ABT16373A 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


•oh 


High-level output current 




-24 


-32 


mA 


«OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


| Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16373A 


SN74ABT16373A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1 -2 


V 


V 0 H 


V CC = 4.5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


V C c = 5V, l 0 H = -3mA 


3 


3 


3 


Vcc = 4.5 V, Iqh = -24 mA 


2 


2 




Vcc = 4.5 V, Iqh = - 32 mA 


2* 




2 


vol 


Vcc = 4.5 V, " IOL = 48mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5-5 V, V| = Vcc or GND 


±1 


±1 


±1 


|iA 




Vcc = 5.5 V, Vq = 2.7V 


50 


50 


50 


nA 


'OZL 


Vcc = 5.5 V, Vo = 0.5 V 


-50 


-50 


-50 


|iA 


|„ff 
■on 


Vcc = 0. V| or Vo < 4.5 V 


±100 




±1 00 


uA 


'UtA 


V C C = 5.5 V, V 0 = 5.5V 


Outputs high 


50 


50 


50 


LlA 


|Q§ 


V C C = 5.5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5-5 V, l 0 = 0, 
V| = VccorGND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


85 


85 


85 


Outputs 
disabled 


2 


2 


2 




V C c = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or ^ ND 


1.5 


1.5 


1.5 


mA 


Q 


V| = 2.5 V or 0.5 V 


3.5 






PF 


Co 


V 0 = 2.5 V or 0.5 V 


9.5 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 







V C C = 5 V, 
T A = 25°C 


SN54ABT16373A 


SN74ABT16373A 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 




t w 


Pulse duration, LE high 


3.3 


3.3 


3.3 


ns 


*su 


Setup time, data before lEl 


1.5 


1.5 


1.5 


ns 


th 


Hold time, data after LEl 


1 


1 


1 


ns 
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SN54ABT16373A, SN74ABT16373A 
16-BIT TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

SCBS1 60 - DECEMBER 1 992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT16373A 


SN74ABT16373A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


D 


Q 


1.4 


3.7 


5.3 


1.4 


6.5 


1.4 


6.3 


ns 


tPHL 


2 


4 


5.4 


2 


6.5 


2 


6.2 


tPLH 


LE 


Q 


1.7 


4.1 


5.7 


1.7 


. 7 


1.7 


6.7 


ns 


tPHL 


2.3 


4.3 


5.6 


2.3 


6.3 


2.3 


6.1 


tpZH 


OE 


Q 


1.1 


3.4 


5 


1.1 


6.4 


1.1 


6.1 


ns 


tPZL 


1.5 


3.5 


4.9 


1.5 


5.8 


1.5 


5.6 


tPHZ 


OE 


Q 


2.4 


5.1 


7.1 


2.4 


8.5 


2.4 


8.1 


ns 


tPLZ 


1.6 


4.4 


5.8 


1.6 


8 


1.6 


6.5 
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SN54ABT1 6373A, SN74ABT1 6373A 
16-BIT TRANSPARENT D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

SCBS1 60 - DECEMBER 1 992 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 

-A/W- 



500 Q 



7 V 



O Open 



9 GND 



TEST 


S1 


tPLH^PHL 
tpLZ^PZL 
tPHZ'tPZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



k— k- 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



}<i. 5 v x^r o 



3V 
V 



Input 
(see Note B) 



Output 



Output 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



~X 1 - 5V XEi 



*PZL 



tpZH 



r 

! tpLZ"^ 

\t.5V V 

| t PHZ ->l j«- 



V O H-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

- 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 U t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 



Texas 
Instruments 

3-40 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT1 6374A, SN74ABT1 6374A 
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

MARCH 1 993 - REVISED JULY 1 993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 

Distributed Vcc and GND pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA I 0 h> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT16374A ... WD PACKAGE 
SN74ABT16374A . . . DGG OR DL PACKAGE 
(TOP VIEW) 



description 



r 

10E L 


1 u 


48 


J 1CLK 


1Q1 [ 


2 


47 


] 1D1 


1Q2 [ 


3 


46 


] 1D2 


GND [ 


4 


45 


] GND 


■\ no I 
lUo L 


5 


44 


1 i no 
J 1 Uo 


1Q4 [ 


6 


43 


] 1D4 


\/ r 

V CC L 


7 


42 


J V CC 


1Q5 [ 


8 


41 


J 1D5 


infi r 

I \tl\J L 


9 


Afi 
*fU 


1 1 nfi 

J I uo 


GND [ 


10 


39 


] GND 


1Q7 [ 


11 


38 


] 1P7 


1Q8 [ 


12 


37 


] 1D8 


2Q1 [ 


13 


36 


] 2D1 


2Q2 [ 


14 


35 


] 2D2 


GND [ 


15 


34 


] GND 


2Q3[ 


16 


33 


] 2D3 


2Q4 [ 


17 


32 


] 2D4 


Vcct 


18 


31 


]v cc 


2Q5[ 


19 


30 


] 2D5 


2Q6 [ 


20 


29 


] 2D6 


GND [ 


21 


28 


] GND 


2Q7[ 


22 


27 


] 2D7 


2Q8 [ 


23 


26 


]2D8 


20E [ 


24 


25 


]2CLK 



The 'ABT16374A is a 16-bit edge-triggered 
D-type flip-flop with 3-state outputs designed 
specifically for driving highly capacitive or 
relatively low-impedance loads. It is particularly 
suitable for implementing buffer registers, I/O 
ports, bidirectional bus drivers, and working 
registers. 

The device can be used as two 8-bit flip-flops or one 1 6-bit flip-flop. On the positive transition of the clock (CLK) 
input, the Q outputs of the flip-flop take on the logic levels set up at the data (D) inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without need for interface or pullup components 

The output enable (OE) does not affect internal operations of the flip-flop. Old data can be retained or new data 
can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 6374A is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6374A is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6374A is characterized for operation from -40°C to 85°C. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



of publication date. _ Copyright © 1993, Texas Instruments Incorporated 

of Texas Instruments m Sm 
st necessarily include TV^'Wa r> 

testing of all parameters. lfcrYV/\0 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
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SN54ABT16374A, SN74ABT16374A 

16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 



MARCH 1993- REVISED JULY 1993 



logic symbolt 



10E 
1CLK 

20E 
2CLK 

1D1 
1D2 
1D3 
1D4 
1D5 
1D6 
1D7 
1D8 
2D1 
2D2 
2D3 
2D4 
2D5 
2D6 
2D7 
2D8 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 
Q 


61 


CLK 


D 


L 


T 


H 


H 


L 


t 


L 


L 


L 


HorL 


X 


Qo 


H 


X 


X 


Z 



1 


i CM 
1 tIM 

> C1 


2 


48 


24 IS 


25 


2EN 

> C2 

h r 


47 


"ID 1 V 


46 


3 




44 


5 




43 


6 




41 




8 




40 




9 




38 


11 




37 




12 




36 




13 


2D 2 V 


35 


14 




33 


16 




32 




17 




30 




19 




29 


20 




27 


22 




26 


23 









1Q1 
1Q2 
1Q3 
1Q4 
1Q5 
1Q6 
1Q7 
1Q8 
2Q1 
2Q2 
2Q3 
2Q4 
2Q5 
2Q6 
2Q7 
2Q8 



logic diagram (positive logic) 



10E — 



1CLK 



1D1 



47 



1Q1 



N v ^ 



To Seven Other Channels 



20E 



24 



2CLK 



2D1 



25 



36 



t>-i 



2Q1 



^ v ' 



To Seven Other Channels 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 
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SN54ABT16374A, SN74ABT16374A 
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

MARCH 1 993 - REVISED JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output In the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 6374A 96 mA 

SN74ABT16374A 128mA 

Input clamp current, Ijk (V| < 0) -18 mA 

Output clamp current, Iqk ( v 0 < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT16374A 


SN74ABT16374A 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


v C c 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


«OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT16374A, SN74ABT16374A 

16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

MARCH 1993 -REVISED JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



DA D A MCTCD 

rAriAlwlt 1 erf 


1 to 1 UUIMUI 1 lUNo 


T A = 25°C 


SN54ABT16374A 


SN74ABT16374A 


1 IKIIT 

UNI 1 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


v OH 


Vcc = 4.5V, Iq H = -3 mA 


2.5 


2.5 


2.5 


V 


VcC = 5V, loH = -3mA 


3 


3 


3 


Vcc = 4.5V, loH = -24mA 


2 


2 




Vcc = 4.5V, Ioh =-32 mA 


2* 




2 


vol 


Vcc = 4.5V, loL = 48mA 


0.55 


0.55 




V 


VqC = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


ll 


Vcc = 5.5 V, V| = V C c or GND 


±1 


±1 


±1 


uA 


>OZH 


V C C = 5.5 V, Vo = 2.7 V 


50 


50 


50 


HA 


'OZL 


Vcc = 5.5 V, Vq = 0.5 V 


-50 


-50 


-50 


uA 


■off 


Vcc = 0. v l <> r v O ^ 4.5 V 


±100 




±100 


uA 


'CEX 


V C C = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


ii A 


ln§ 


Vcc = 5.5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


ice 


V C C = 5.5 V, 'O = 0. 
V| = V C corGND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


72 


72 


72 


Outputs 
disabled 


2 


2 


2 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 Vor0.5V 


3.5 






PF 


Co 


Vq = 2.5 V or 0.5 V 


9.5 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 







V C C = 5V, 
T A = 25°C 


SN54ABT1 6374A 


SN74ABT16374A 


UNIT 






MIN MAX 


MIN MAX 


MIN 


MAX 




fclock 


Clock frequency 


0 150 


0 150 


0 


150 


MHz 


t w 


Pulse duration, CLK high or low 


3.3 


3.3 


3.3 


ns 


*su 


Setup time, data before CLKt 


1-1 


1.3 


1.1 


ns 


th 


Hold time, data after CLKT 


1.3 


1.5 


1.3 


ns 
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SN54ABT16374A, SN74ABT16374A 
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

MARCH 1993 - REVISED JULY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(IIMr'U I ) 


TO 

it\i ITDI IT\ 

(UU 1 rill ) 


V C C = 5 V, 
T A = 25°C 


SN54ABT16374A 


SN74ABT16374A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 






150 


150 


150 


MHz 


tPLH 


CLK 


Q 


1.8 


4.3 


5.4 


1.5 


6.9 


1.8 


6.2 


ns 


tPHL 


2.7 


4.7 


5.6 


2.2 


6.9 


2.7 


5.9 


tpZH 


OE 


Q 


1.2 


3.4 


4.8 


0.8 


6.1 


1.2 


5.6 


ns 


tpZL 


1.6 


3.5 


4.7 


1.2 


5.5 


1.6 


5.3 


tpHZ 


OE 


Q 


2.2 


5.5 


7.1 


1.8 


9.6 


2.2 


8.2 


ns 


tPLZ 


2.2 


4.3 


5.8 


1.8 


7.2 


2.2 


6.6 
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SN54ABT16374A, SN74ABT16374A 

16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

MARCH 1 993 - REVISED JULY 1 993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q, 

— A/W— 



500 Q 



SI 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ/tPZL 
tPHZ/tPZH 


Open 
7 V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



t w - 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



l su 1 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see NoteC) 



tpZL 



3V 
0V 



3.5 V 



tpZH ~>\ |4~ 



[ tp LZ -^ «- 

\ | / ypL, + a3v Vql 

tpHZ"^ 



/l.5V \^>H^ 



« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT1 6377, SN74ABT1 6377 
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLOCK ENABLE 

OCTOBER 1992 - REVISED JULY 1993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard J ESD- 17 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 5 V, T A = 25°C 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA I 0 h> 
64-mA Iql) 

Packaged in Plastic 300-mi I Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16377 ... WD PACKAGE 
SN74ABT16377 . . . DL PACKAGE 
(TOP VIEW) 
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43 
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41 
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40 
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37 
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36 
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35 
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16 


33 


17 


32 


18 
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19 


30 


20 


29 


21 


28 


22 


27 


23 


26 


24 
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The 'ABT1 6377 is a 1 6-bit positive-edge-triggered J 
D-type flip-flop with a clock (1 CLK or 2CLK) input. 2CO 
It is particularly suitable for implementing buffer 
and storage registers, shift registers, and pattern 
generators. 

The device can be used as two 8-bit flip-flops or one 1 6-bit flip-flop. On the positive transition of the clock input, 
the Q outputs of the flip-flop take on the logic levels set up at the data (D) inputs. 

Data input information that meets the setup time requirements i s transfe rre d to the Q outputs on the 
positive-going edge of the clock pulse if the common clock-enable (1CLKEN or 2CLKEN) input is low. Clock 
triggering occurs at a particular voltage level and is not directly related to the transition time of the positive-going 
pulse. When the buffered clock input is at either the high or low level, t he D inpu t signal has no effect at the output. 
The circuits are designed to prevent false docking by transitions at CLKEN. 

The SN74ABT16377 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT16377 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT1 6377 is characterized for operation from -40°C to 85°C. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 

PRODUCT PREVIEW information concerns products in the formative or m ■ Copyright © 1 993, Texas Instruments Incorporated 

design phase of development. Characteristic data and other m Sm 

specifications are design goals. Texas Instruments reserves the right to wi'W "IVva o 

change or discontinue these products without notice. I KXA^ 
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SN54ABT16377, SN74ABT16377 

16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLOCK ENABLE 

OCTOBER 1 992 - REVISED JULY 1 993 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 
Q 


CLKEN CLK 


D 


H X 


X 


Qo 


L T 


H 


H 


L ' t 


L 


L 


X H or L 


X 


Qo 



logic diagram (positive logic) 




1Q1 



To Seven Other Channels 



m 




To Seven Other Channels 
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SN54ABT16377, SN74ABT16377 
16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLOCK ENABLE 

OCTOBER 1 992 - REVISED JULY 1 993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc ■ -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16377 96 mA 

SN74ABT16377 128mA 

Input clamp current, l|K ( v i < 0) -1 8 mA 

Output clamp current, Iqk ( v O < °) -50 m A 

Maximum power dissipation at = 55°C (in still air) 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negatiye-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT16377 


SN74ABT16377 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


>OH 


High-level output current 


-24 


-32 


mA 


•OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT16377, SN74ABT16377 

16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH CLOCK ENABLE 

OCTOBER 1992 - REVISED JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT16377 


SN74ABT16377 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4 -5V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


V 0H 


Vcc = 4.5 V, loH = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V . loH = ~ 3mA 


3 


3 


3 


Vcc = 4.5V, l 0 H = -24mA 


2 


2 




VCC = 4 -5V, Ioh =-32 m A 


2* 




2 


vol 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


U.OO+ 




u.oo 


•i 


Vcc = 5 5 V, V| = Vcc or GND 


±1 


±1 


±1 


ma 


'off 


Vcc = 0. V|orV 0 <4.5V 


±100 




±100 


\iA 


'CEX 


Vcc = 5-5 V, Vo = 5.5 V Outputs high 


50 


50 


50 


HA 


io § 


VCC = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


ice 


V C C = 5-5 V, l 0 = 0, 
V| = Vcc or GND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


67 


67 


67 


Outputs 
disabled 


2 


2 


2 


AlGC 11 


Vcc = 5.5 V, One input at 
3.4 V, Other inputs at Vcc or 
GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 








pF 


Co 


Vq = 2.5 Vor0.5 V 








PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT16460, SN74ABT16460 
4-T0-1 MULTIPLEXED/DEMULTIPLEXED REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 



OCTOBER 1992 - REVISED JULY 1993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA \ 0H , 64-mA Iql) 
Bus-Hold Inputs Eliminate the Need for 
External Pullup Resistors 
Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT16460 ... WD PACKAGE 
SN74ABT16460 . . . DL PACKAGE 
(TOP VIEW) 



LEAB1 [ 
LEAB2 [ 



— u 

1 


56 


2 


55 


3 


54 


4 


53 


5 


52 


6 


51 




50 


8 


49 


9 


48 


10 


47 


11 


46 


12 


45 


13 


44 


14 


43 


15 


42 


16 


41 


17 


40 


18 


39 


19 


38 


20 


37 


21 


36 


22 


35 


23 


34 


24 


33 


25 


32 


26 


31 


27 


30 


28 


29 



]2B1 

]GND 

]2B2 

]2B3 

]2B4 

]3B1 

]3B2 

]3B3 

] GND 



] OEB3 
]OEB4 



description ^ 

The 'ABT16460 is a ■ 4-bit-to-1-bit multiplexed ^ 
registered transceiver used in applications where c 
four separate data paths must be multiplexed ^ 
onto, or demultiplexed from, a single data path. LE 
Typical applications include multiplexing and/or 
demultiplexing of address and data information in 
microprocessor- or bus-interface applications. 
This device is also useful in memory-interleaving 
applications. 

Five 4-bit I/O ports (1 A-4A, 1B1 - 4,2B1 -4, 3 B1-4 , and 4B1 -4) are available for address and/or data transfer. 
The output-enable (OEB, OEB1 -OEB4, and OEA) inputs contr ol the bus transceiver functions. These control 
signals also allow 4-bit or 1 6-bit control depending on the OEB level. 

Address and/or data information can be stored using the internal storag e latches /flipflops. The latch-enable 
(LEB1 -LEB4, LEBA, and LEAB1 -LEAB4) and clock/clock-enable (CLK/CLKEN) inputs are used to control 
data storage. When either one of the latch-enable inputs is high, the latch is transparent (clock is a don't care 
as long as the latch-enable is high). When the latch-enable input goes low (providing that the clock does not 
transit from low to high), the data present at the inputs is latched and remains latched until the latch-enable input 
is returned high. When the clock-enable is low and the corresponding latch-enable is low, data can be clocked 
on the low to high transition of the clock. When either the clock-enable or the corresponding latch-enable is high, 
the clock is a don't care. 

Four select pins (SEL0, SEL1 , CE_SEL0, and CE_SEL1) are provided to multiplex data (A port), or to select 
one of four clock-enables (B port). This allows the user to have the flexibility of controlling one bit at a time. 

Active bus-hold circuitry is provided to hold unused or floating inputs at a valid logic level. 

Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT16460, SN74ABT16460 

4-T0-1 MULTIPLEXED/DEMULTIPLEXED REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

OCTOBER 1992 - REVISED JULY 1993 _____ ______ 



description (continued) 

To ensure the high-impedance state during power-up or power-down, OE should be tied to V<x through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16460 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6460 is characterized for operation over the full military temperature range of ~55°C to 1 25°C. 
The SN74ABT1 6460 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
A-TO-B OUTPUT-ENABLEt 



INPUTS 


OUTPUT 
Bn 


OEB OEBn 


H H 


Z 


H L 


z 


L H 


z 


L L 


Active 



tn = 1,2, 3,4 



FUNCTION TABLE 
A-TO-B STORAGE (ASSUMING OEB = L, OEBn = L)t 



INPUTS 


OUTPUTS 


CLKENAB 


CE_SEL1 


CE_SEL0 


CLKAB 


LEAB1 


LEAB2 


LEAB3 


LEAB4 


B1 


B2 


B3 


B4 


X 


X 


X 


HorL 


H 


L 


L 


L 


A 


A 0 


A 0 


A 0 


X 


X 


X 


HorL 


H 


H 


H 


L 


A 


A 


A 


A 0 


L 


X 


X 


L 


L 


L 


L 


L 


A 0 


A 0 


A 0 


A 0 


L 


L 


L 


T 


L 


L 


L 


L 


A 


AO 


AO 


A 0 


L 


L 


H 


t 


L 


L 


L 


L 


A 0 


A 


AO 


A 0 


L 


H 


L 


T 


L 


L 


L 


L 


A 0 


A 0 


A 


A 0 


L 


H 


H 


T 


L 


L 


L 


L 


AO 


A 0 


A 0 


A 


H 


X 


X 


t 


L 


L 


L 


L 


A 0 


A 0 


A 0 


A 0 



*This table does not cover all the latch-enable cases since they have similar results. 
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SN54ABT16460, SN74ABT16460 
4-T0-1 MULTIPLEXED/DEMULTIPLEXED REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

OCTOBER 1 992 - REVISED JULY 1993 



Function Tables 



B-TO-A STORAGE (BEFORE POINT "P") 



INPUTS 


r 


















CLKENB 


CLKBA 


LEB1 


LEB2 


LEB3 


LEB4 


SEL1 


SELO 




X 


X 


H 


L 


L 


L 


L 


L 


B1 


X 


X 


L 


H 


L 


L 


L 


H 


B2 


X 


X 


L 


L 


H 


L 


H 


L 


B3 


X 


X 


L 


L 


L 


H 


H 


H 


B4 














L 


L 


B1 


L 


t 


L 


L 


L 


L 


L 
H 
H 


H 
L 
H 


B2 
B3 
B4 














L 


L 


Blot 


L 


HorL 


L 


L 


L 


L 


L 
H 
H 


H 
L 
H 


B2 0 t 
B3 0 t 
B4 0 t 



B-TO-A STORAGE (AFTER POINT "P") 



INPUTS 


OUTPUT 
A 


CLKENBA 


CLKBA 


LEBA 


OEA 


B 


X 


X 


X 


H 


X 


Z 


X 


X 


H 


L 


L 


L 


X 


X 


H 


L 


H 


H 


H 


X 


L 


L 


X 


A 0 t 


L 


T 


L 


L 


L 


L 


L 


T 


L 


L 


H 


H 


L 


HorL 


L 


L 


X 


A 0 t 



t Output level before the indicated steady-state input conditions 



were established. 
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SN54ABT16460, SN74ABT16460 

4-T0-1 MULTIPLEXED/DEMULTIPLEXED REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



OCTOBER 1992 - REVISED JULY 1993 



logic diagram (positive logic) 



"D 
73 
O 

a 
c 
o 

H 

"0 
73 

m 
< 

m 




1B1 



1B2 



1B3 



1B4 
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SN54ABT16460, SN74ABT16460 
4-T0-1 MULTIPLEXED/DEMULTIPLEXED REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

OCTOBER 1992 - REVISED JULY 1993 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT16460 96 mA 

SN74ABT16460 128 mA 

Input clamp current, Iik ( v i < 0) -18 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at Ta = 55°C (in still air) . 1 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

recommended operating conditions (see Note 2) 









SN54ABT16460 


SN74ABT16460 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


v 


•oh 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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SN54ABT16460, SN74ABT16460 

4-T0-1 MULTIPLEXED/DEMULTIPLEXED REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

OCTOBER 1 992 - REVISED JULY 1 993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT16460 


SN74ABT16460 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4 - 5V . l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


V 0H 


V C C = 4.5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, l 0 H = -3mA 


3 


3 


3 


Vcc = 4.5V, l 0 H = -24mA 


2 


2 




Vcc = 4 5 V 'OH = - 32 mA 


ot 

<£.+ 




2 


vol 


Vcc = 4 -5V, loL = 4 8mA 


ft C£ 
U.OO 


ft CC 
U.OO 




V 


Vcc = 4 -5V, l 0 L = 64mA 


ft cci 

U.OO + 




ft cc 
U.OO 


ii 


Vcc =-5.5 V, 
V| = V C c o r GND 


Control inputs 




±1 


+ -J 


uA 


A or B ports 


±100 


±100 


±100 


'l(hold) 


Vcc = 4.5 V, V| = 0.8V 


A or B ports 






100 


HA 


V C C = 4 -5 V V| = 2 V 






-100 


'OZH§ 


Vcc = 5.5 V, Vo = 2.7V 


50 


50 


50 


tiA 


'OZL§ 


Vcc = 5.5 V, Vo = 0.5 V 


-50 


-50 


-50 


HA 


'off 


Vcc = 0. V|orVo< 4 -5V 


±100 




±100 


>iA 


'CEX 


Vcc = 5 5 V, Vo = 5.5 V Outputs high 


50 


50 


50 


MA 




Vcc = 5.5 V, Vq = 2.5V 


-50 -100 -200 


-50 -200 


-50 -200 


mA 


'cc 


V C C = 5.5 V, 

io = o, 

V| = V C C o r GND 


Aor B 
ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


35 


35 


35 


Outputs 
disabled 


2 


2 


2 


Alcc # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 




V| = 2.5 V or 0.5 V 


Control inputs 








pF 


Qo 


Vq = 2.5 Vor0.5V 


A or B ports 








pF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH ancl 'OZL include the input leakage current. 

1i Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT1 6460, SN74ABT1 6460 
4-TO-1 MULTIPLEXED/DEMULTIPLEXED REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

OCTOBER 1992- REVISED JULY 1993 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





SN54ABT16460 


SN74ABT16460 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 150 


0 150 


MHz 


t w Pulse duration 


LEAB or LEBA high 




4 


ns 


CLKAB or CLKBA high or low 




4 


t su Setup time 


Before CLKT 


AorB 




2 


ns 


CLKEN 




3 


A before LEAB4, or B before LEBA4, 


CLK high 




2 


CLK low 




2 


th Hold time 


After CLKt 


AorB 




2 


ns 


CLKEN 




2 


A after LEABl or B after LEBAi- 




3 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT16460 


SN74ABT16460 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


tPLH 


AorB 


Bor A 






7 


ns 


tpHL 






7 


tPLH 


CLKAB 


B 








ns 


tPHL 








tPLH 


CLKBA 


A 








ns 


tPHL 








tPLH 


LEAB 


B 






7 


ns 


tPHL 






7 


tPLH 


LEBA 


A 






6 


ns 


tPHL 






6 


tPLH 


LEB 


A 






8 


ns 


tPHL 






8 


tPLH 


SEL 


A 






8 


ns 


tPHL 






8 


tPLH 


CE_SEL 


B 








ns 


tPHL 








tpZH 


OE 


AorB 






10 


ns 


tPZL 






10 


tPHZ 


OE 


AorB 






10 


ns 


tPLZ 






10 
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SN54ABT1 6460, SN74ABT1 6460 

4-TO-1 MULTIPLEXED/DEMULTIPLEXED REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

OCTOBER 1992 -REVISED JULY 1993 

PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



500 Q 

— wv- 



500 n 



p 7V 

O Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



— y y — 

15V a A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



X 



1.5 V 



th 



} (l.5V ) <^7 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



3V 
0V 



tpLH-^— »| I * »T *PHL 

_I_/^V 

I , 
tpHL W H 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



£T X 15V ^ 



tpzL -*| k- 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



\i. 5V i/ 

A [ / Vol * Q-3V 

i tpHz-*i k- 



W V OH -0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

- 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q., t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by ihe output controi. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT16470, SN74ABT16470 
16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS085B - D3794, FEBRUARY 1 991 - REVISED JULY 1993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Distributed Vcc and GND pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16470 ... WD PACKAGE 
SN74ABT16470 . . . DL PACKAGE 
(TOP VIEW) 



The 'ABT16470 is a 16-bit registered transceiver 
that contains two sets of D-type flip-flops for 
temporary storage of data flowing in either 
direction. The 'ABT1 6470 can be used as two 8-bit 
transceivers or one 1 6-bit transceiver. Separate 
clock ( CL KAB o r CLKBA) and output-enable 
(OEAB or OEBA) inputs are provided for each 
register to permit independent control in either 
direction of data flow. 

To avoi d false clocking of the flip-flops, clock 
enable (CLKEN) should not be switched from high 
to low while CLK is high. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16470 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT16470 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT16470 is characterized for operation from -40°C to 85°C. 



10EAB[ 1 
1 CLKAB [ 2 
1CLKENAB[ 3 
GND[ 4 
1A1 [ 5 
1A2[ 6 
V CC [7 
1A3[ 8 
1A4[ 9 
1A5[ 10 
GND[ 11 
1A6[ 12 
1A7[ 13 
1A8[ 14 
2A1 [ 15 
2A2 [ 16 
2A3 [ 17 
GND[ 18 
2A4[ 19 
2A5 [ 20 
2A6 [ 21 
V C C [ 22 
2A7 [ 23 
2A8 [ 24 
GND [ 25 
2CLKENAB [ 26 
2 CLKAB [ 27 
20EAB[ 28 



TJ 



56 ] 10EBA 
55 ] 1 CLKBA 
54 ] 1CLKENBA 
53 ] GND 
52 ] 1B1 
51 ] 1B2 
50 ] V CC 
49 ] 1B3 
48 ] 1B4 
47 ] 1B5 
46 ] GND 
45 ] 1B6 
44 ] 1B7 
43 ] 1B8 
42 ] 2B1 
41 ] 2B2 
40]2B3 
39 ] GND 
38 ] 2B4 
37 ] 2B5 
36 ] 2B6 
35 ] V CC 
34 ] 2B7 
33 ] 2B8 
32 ] GND 
31 ] 2CLKENBA 
30 ] 2CLKBA 
29 ]20EBA 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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logic symbolt 



10EBA 
1CLKENBA 
1CLKBA 



10EAB 
1CLKENAB 
1CLKAB 



20EBA 
2CLKENBA 
2CLKBA 



20EAB 
2CLKENAB 
2CLKAB 

1A1 

1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
2A1 

2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



56 



54 



55 



29 



31 



30 



28 



26 



27 



10 



12 



13 



14 



15 



16 



17 



19 



20 



21 



23 



24 



1EN3 
G1 

> 1C5 
2EN4 
G2 

> 2C6 
7EN9 
G7 

> 7C11 
8EN10 



G8 
> 8C12 

ri 



V3 



6D 



V9 



12D 1 



5D 



4v 



11D 



10V 



52 



51 



49 



48 



47 



45 



44 



43 



42 



41 



40 



38 



37 



36 



34 



33 



1B1 

1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
2B1 

2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 



56 

10EBA 




20EBA 



2CLKENBA — 
2CLKBA -39- 



28 

20EAB 



2CLKENAB — 
2CLKAB ^— 

2A1-»- 



To Seven Other Channels 





< 



>C1 
1D 



C1<| 
1P 



42 

* 2B1 



To Seven Other Channels 
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FUNCTION TABLET 



INPUTS 


OUTPUT 
B 




CLKAB 




A 


CLKENAB 


OEAB 


H 


X 


X 


X 


Z 


X 


X 


H 


X 


z 


L 


L 


L 


X 


B 0 * 


L 


t 


L 


L 


L 


L 


T 


L 


H 


H 



t A-to-B data flow is show n: B-to- A flow is similar but uses 

CLKENBA, CLKBA, and OEBA. 
$ Output level before the indicated steady-state input 

conditions were established. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)§ 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, Vj (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16470 96 mA 

SN74ABT16470 128 mA 

Input clamp current, l||< (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v 0 < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range -65°C to 150°C 



§ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT16470 


SN74ABT16470 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 




-24 


-32 


mA 


"OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or mm- 

design phase of development. Characteristic data and other Jtf A 

specifications are design goals. Texas Instruments reserves the right to TVvAC 

change or discontinue these products without notice. |_ r.XAN 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16470 


SN74ABT16470 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4 -5V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4.5 V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 v > lOH = - 3 mA 


3 


3 


3 


Vcc = 45 V. 'OH = - 24 mA 


2 


2 




Vcc = 4 -5 V, Iqh = - 32 mA 


2* 




2 


v OL 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4 -5 V Iql = 64 mA 


0.55* 




0.55 


l| 


Vcc = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


:;±^ 


±1 


HA 


A or B ports 


±100 


±100 


±100 


'OZH § 


Vcc = 5 5 V, V 0 = 2.7 V 


50 


50 


50 


|iA 


>OZL § 


VCC = 5-5 V, Vo = 0.5 V 


-50 


-50 


-50 


MA 


'off 


Vcc = °. v l or v O ^ 4.5 V 


±100 




±100 


HA 


>CEX 


Vcc = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


^A 




Vcc = 5.5 V, Vq = 2.5 V 


-50 -100 -200 


-50 -200 


-50 -200 


mA 


ice 


V C C = 5.5 V, 

io = o, 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


35 


35 


35 


Outputs disabled 


2 


2 


2 


AlcC # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


0.5 


0.5 


0.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






pF 


Cj 0 


Vq = 2.5 V or 0.5 V 


A or B ports 


8.5 






pF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH an d 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 







vcc 

T A = 


= 5 V, 
25°C 


SN54ABT16470 


SN74ABT16470 


UNIT 






MIN 


MAX 


MIN MAX 


MIN MAX 




f clock 


Clock frequency 


0 


150 


,0 150 


0 150 


MHz 


gi 


Pulse duration, CLKAB or CLKBA high or low 


3.3 


;3:3 


3.3 


ns 


*su 


Setup time, data before CLKABt or CLKBAt 


4 


4 


4 


ns 


th 


Hold time, data after CLKABt or CLKBAt 


1 


1 


1 


ns 



I This parameter is specified by design but not tested. 



product Pncvicw information concerns products in the formative or ™ 

design phase of development. Characteristic data and other ^KiSL «_ 

specifications are design goals. Texas Instruments reserves the right to wV0 Tfvac 

change or discontinue these products without notice. if ICAA^ 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC = 5V, 
T A = 25°C 


SN54ABT16470 


SN74ABT16470 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




■ " "• ■ "" - 

'max 






150 


150 


150 


MHz 


tpi u 


CLK 


A or B 


14 


3.1 


4.8 


1.4 


5.1 


1.4 


4.9 


ns 


tpHL 


1.3 


3.2 


4.6 


1.3 5,1 


1.3 


4.9 


tPZH 


OE 


A or B 


1 


3.1 


4.3 


1 


5 


1 


4.9 


ns 


*PZL 


1.2 


3.6 


5.8 


1.2 


^ 6.9 


1.2 


6.8 


tPHZ 


OE 


A or B 


1.9 


3.7 


4.9 


ij; 


6 


1.9 


5.5 


ns 


tPLZ 


1.6 


3.3 


4.8 




5.4 


1.6 


5.3 


tPZH 


CLKEN 


A or B 


1 


3.4 


4.6 


< 1 


5.8 


1 


5.7 


ns 


tPZL 


1.2 


3.9 


6 


1.2 


7.3 


1.2 


7.2 


tPHZ 


CLKEN 


A or B 


1.7 


3.9 


5.2 


1.7 


6.2 


.1-7 


5.8 


ns 


tPLZ 


1.5 


3.6 


5.3 


1.5 


5.5 


1.5 


5.4 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 ft 

-Wv- 



500 Q 



S1, 



p 7V 
O Open 

? GND 



TEST 


S1 


tPLHflPHL 
tp LZ ApzL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— N/ y — 

Input 1-5Vft A 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



y 



1.5 V 



*su 



th 



} <i. 5 y y ^7 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



ZX isv XE 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



cor; ZJ^ED^ 

tPZL-^ k- | 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



,5 V 



tpZH ->| |4- 



t- 

| tPHZ-*l 



K0.3V 



3V 
0V 

3.5 V 

vol 



1.5 V 



^ «ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Cl, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 

ESD Protection Exceeds 2000 V 
Per MIL-STD-883C, Method 3015 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 5 V, T A = 25°C 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT16500B ... WD PACKAGE 
SN74ABT16500B . . . DGG OR DL PACKAGE 
(TOP VIEW) 



description 



These 1 8-bit universal bus transceivers combine 
D-type latches and D-type flip-flops to allow data 
flow in transparent, latched, and clocked modes. 

Data flow in each directi on is controlled by 
output-enable (OEAB and OEBA), latch-e nable 
(LEAB and LEBA), and clock (CLKAB and 
CLKBA) inputs. For A-to-B data flow, the device 
operates in the transparent mode when LEAB is 
high. W hen LEAB is low, the A data is latched if 

CLKAB is held at a high or low logic level. If LEAB 

is low, the A bus data is stored in the latch/flip-flop on the high-to-low transition of CLKAB. Output-enable OEAB 
is active-high. When OEAB is high, the outputs are active. When OEAB is low, the outputs are in the 
high-impedance state. 



OEAB [ 


u 

1 


56 


]gnd 


LEAB [ 


2 


55 


] CLKAB 


A1 [ 


3 


54 


]B1 


GND [ 


4 


53 


]GND 


A2 [ 


5 


52 


] B2 


A3 [ 


6 


51 


] B3 


v C c[ 


7 


50 


]v cc 


A4 [ 


8 


49 


] B4 


A5 [ 


9 


48 


] B5 


A6 [ 


10 


47 


] B6 


GND [ 


11 


46 


]GND 


A7[ 


12 


45 


]B7 


A8 [ 


13 


44 


] B8 


A9 [ 


14 


43 


] B9 


A10 [ 


15 


42 


]B10 


A11 [ 


16 


41 


] B11 


A12 [ 


17 


40 


] B12 


GND [ 


18 


39 


] GND 


A13 [ 


19 


38 


] B13 


A14 [ 


20 


37 


] B14 


A15 [ 


21 


36 


] B15 


VccL" 


22 


35 


]v cc 


A16 [ 


23 


34 


] B16 


A17 [ 


24 


33 


] B17 


GND [ 


25 


32 


] GND 


A18 [ 


26 


31 


] B18 


OEBA [ 


27 


30 


] CLKBA 


LEBA [ 


28 


29 


]GND 



Data flow for B to A is similar to that of A to B b ut uses OEBA, LEBA, and CLKBA. The output enables are 
complementary (OEAB is active high and OEBA is active low). 

To ensure the high-impedance state during power up or power down, OE should be tied to GND through a 
pulldown resistor; the minimum value of the resistor is determined by the current-sou rcing capability of the 
driver. 

The SN74ABT16500B is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT16500B is characterized over the full military temperature range of -55°C to 125°C. The 
SN74ABT1 6500B is characterized for operation from -40°C to 85°C. 



Widebus, EPIC-IIB, and UBT are trademarks of Texas Instruments Incorporated. 
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FUNCTION TABLEt 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKAB 


A 


B 


L 


X 


X 


X 


Z 


H 


H 


X 


L 


L 


H 


H 


X 


H 


H 


H 


L 


4 


L 


L 


H 


L 


1 


H 


H 


H 


L 


H 


X 


B 0 * 


H 


L 


L 


X 


B 0 § 



TA-to- B data flow is sho wn: B-to -A flow is similar but 

uses OEBA, LEBA, and CLKBA. 
$ Output level before the indicated steady-state input 

conditions were established. 



§ Output level before the indicated steady-sta te input 
conditions were established, provided that CLKAB 
was low before LEAB went low. 



^ TEXAS 

Instruments 

3-68 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT16500B, SN74ABT16500B 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS057D - D3658, DECEMBER 1 990 - REVISED APRIL 1 993 



logic symbolt 



OEAB 
CLKAB 
LEAB 



OEBA 
CLKBA 
LEBA 



A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 
A18 



55 



27 



30 



28 



EN1 

> 2C3 
C3 
G2 

EN4 

> 5C6 
C6 
G5 



3 


3D 1 1V 


54 






4V 1 6D 


5 


-M — 

52 




6 




51 




8 




49 




9 




48 




10 


47 




12 




45 




13 


44 




14 


43 




15 




42 




16 




41 




17 




40 




19 




38 




20 




37 




21 




36 




23 




34 




24 


33 




26 




31 









B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

B10 

B11 

B12 

B13 

B14 

B15 

B16 

B17 

B18 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 



OEAB 



CLKAB 



55 



LEAB- 



LEBA 



28 



CLKBA - 



OEBA 



30 



27 



A1 



▼ 

\ 



1D 
C1 
CLK< 



1D 
C1 

> CLK 



v — ' 

To 17 Other Channels 



54 



B1 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x ■ -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq . -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16500B 96 mA 

SN74ABT16500B 128 mA 

Input clamp current, I|k (Vj < 0) -18 mA 

Output clamp current, Iqk ( v o < °) ■ "" 50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 1 W 

DL package 1 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 







SN54ABT16500B 


SN74ABT16500B 


UNIT 






MIN 


MAX 


MIN 


MAX 


V CC 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 




2 


V 


V|L 


Low-level input voltage 


V t).8 


0.8 


V 


V| 


Input voltage 


0 


v cc 


0 


vcc 


V 


•oh 


High-level output current 


/ . -24 


-32 


mA 


'CL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


_4i_ 


10 


10 


ns/V 


TA 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54 ABT1 6500B 


SN74ABT1 6500B 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


VlK 


Vcc = 4.5 V, lj = —18 mA 


-1.2 


-1 .2 


-1.2 


V 


VOH 


Vcc = 4.5V, l 0 H=-3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, l 0 H = -3mA 


3 


3 


3 


VCC = 4.5 V, Iqh = - 24 mA 


2 


2 




Vcc = 4.5 V, Iqh =" 32 mA 


2* 




2 


vol 


Vcc = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


±! 


±1 


|iA 


A or B ports 


±20 


±20 


±20 


•ozh§ 


VCC = 5-5 V, V 0 = 2.7 V 


10 


10 


10 


uA 


"OZL § 


Vcc = 5-5 V, V 0 = 0.5 V 


-10 


-10 


-10 




•off 


Vcc = 0- v | or Vq < 4.5 V 


+100 




±100 


HA 


•CEX 


V C C = 5.5 V, 
Vq = 5.5V 


Outputs high 


50 


: ' * 50 


50 


^A 




VCC = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


•cc 


VCC = 5.5 V, 

•o = o, 

V| = Vcc or 
GND 


Aor B 
ports 


Outputs high 


3 


3 


3 


mA 


Outputs low 


36 


36 


36 


Outputs disabled 


3 


3 


3 


AlcC # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


50 


50 


50 


^A 


Cj 


V| = 2.5Vor 0.5 V 


Control inputs 


3 






pF 




Vq = 2.5 V or 0.5 V 


A or B ports 


9 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§The parameters Iozh ancl 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PRODUCT PREVIEW information concerns products in the formative or ™ # 
design phase of development. Characteristic data and other 

specifications are design goals. Texas Instruments reserves the right to TVvAC 
change or discontinue these products without notice. \f I r". X/\?S 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 











SN54ABT16500B 


SN74ABT16500B 


UNIT 










MIN MAX 


MIN MAX 


f clock 


Clock frequency 






0 150 


0 150 


MHz 




Pulse duration 


LEAB or LEBA high 


2.5 


2.5 


ns 


CLKAB or CLKBA high or low 


3 


3 






AbeforeCLKABi 


3 


3 




tsu 


Setup time 


B before CLKBAi 


3 


3 


ns 


A before LEABi or B before LEBAi 


CLK high 


1 


1 






CLXlow 


2.5 


2.5 




th 


Hold time 


A after CLKABi or B after CLKBAi 


0 


0 


ns 


A after LEABi or B after LEBAi 


2 


2 



t This parameter is specified by design but not tested. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C[_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT16500B 


SN74ABT16500B 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f max 






150 


200 




150 


150 


MHz 


tPLH 


A or B 


Bor A 




2.5 


3.6 


1 4.2 


1 4 


ns 


tPHL 




3.2 


4.5 


1 5.1 


1 4.9 


tPLH 


LEAB or LEBA 


B or A 




3.2 


4.5 


1 5.6 


1 5 


ns 


tPHL 




3.4 


4.5 


1 5.4 


1 5 


tPLH 


CLKAB or CLKBA 


Bor A 




3.5 


4.7 


1 5.4 


1 5.3 


ns 


tPHL 




3.5 


4.7 


1 5.4 


1 5.3 


tpZH 


OEAB or OEBA 


B or A 




3.4 


4.6 


1 5.3 


1 5.1 


ns 


*PZL 


1.5 


3.8 


4.7 


1.5 


5.6 


1.5 


5.4 


tPHZ 


OEAB or OEBA 


B or A 


1.5 


4.5 


5.7 


1.5 


6.9 


1.5 


6.5 


ns 


tPLZ 


1.4 


3.4 


4.7 


1.4 


5.8 


1.4 


5.4 



PRODUCT PREVIEW information eorteems products in the formative or BL« 

design phase of development. Characteristic data and other Jtl% 

specifications are design goals. Texas Instruments reserves the right to TcVAC 

change or discontinue these products without notice. \j lJtl^V/\.w> 
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From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 a 

-AA/V- 



500 Q 



S1 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZflPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



1.5 V 



tsu 



4- 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



~^ < i5v 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpzL — ►! k— 



tpZH ->| |4- 

I 



3V 
0V 

3.5 V 



3 V 

1-^--*- vol 

I tpHZ-^ \*~ 



tpLZ"^ j«- 



\i, v Y 

V I / vql + Q-: 

I tpHZ-^ l f~ 



VQH-0.3V 



VOH 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C\_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-UB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT16501 ... WD PACKAGE 
SN74ABT16501 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



description 



OEAB [ 1 
LEAB [ 2 
A1 [ 3 
GND[ 4 
A2[ 5 
A3[ 6 
V C C [7 
A4[ 8 
A5[ 9 
A6[ 10 
GND[ 11 
A7[ 12 
A8[ 13 
A9[ 14 
A10[ 15 
A11 [ 16 
A12[ 17 
GND[ 18 
A13[ 19 
A14[ 20 
A15[ 21 

V C C C 22 
A16 [ 23 
. A17[24 
GND [ 25 
A18[ 26 
OEBA[ 27 
LEBA [ 28 



56 ] GND 
55 ] CLKAB 
54 ] B1 
53 ] GND 
52 ] B2 
51 ] B3 
50 ] V CC 
49 ] B4 
48 ] B5 
47 ] B6 
46 ] GND 
45 ] B7 
44 ] B8 
43 ] B9 
42 ] B10 
] B11 
] B12 
]GND 
] B13 
] B14 
] B15 

]v cc 

] B16 
] B17 
] GND 
] B18 
] CLKBA 
] GND 



These 1 8-bit universal bus transceivers consist of 
storage elements that can operate either as 
D-type latches or D-type flip-flops to allow data 
flow in transparent or clocked modes. 

Data flow in each directi on is controlled by 
output-enable (OEAB and OEBA), latch-enable 
(LEAB and LEBA), and clock (CLKAB and 

CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when LEAB is high. When 
LEAB is low, the A data is latched if CLKAB is held at a high or low logic level. If LEAB is low, the A bus data 
is stored in the latch/flip-flop on the low-to-high transition of CLKAB. When OEAB is high, the outputs are active. 
When OEAB is low, the outputs are in the high-impedance state. 



Data flow for B to A is similar to that of A to B b ut uses OEBA, LEBA, and CLKBA. The output enables are 
complementary (OEAB is active high and OEBA is active low). 

To ensure the high-impedance state during power up or power down, OE should be tied to GND through a 
pulldown resistor; the minimum value of the resistor is determined by the current-sourcing capability of the 
driver. 

The SN74ABT16501 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 



The SN54ABT16501 is characterized over the full military temperature range of 
SN74ABT1 6501 is characterized for operation from -40°C to 85°C. 



-55°C to 125°C. The 



Widebus+, EPIC-IIB, and UBT are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas instruments standard warranty. 
Production processing does not necessarily include testing of ail 
parameters. 
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FUNCTION TABLET 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKAB 


A 


B 


L 


X 


X 


X 


Z 


H 


H 


X 


L 


L 


H 


H 


X 


H 


H 


H 


L 


t 


L 


L 


H 


L 


t 


H 


H 


H 


L 


H 


X 


B 0 t 


H 


L 


L 


X 


B 0 § 



TA-to- B data flow is shown: B-to-A flow is similar but 

uses OEBA, LEBA, and CLKBA. 
$ Output level before the indicated steady-state input 

conditions were established, provided that CLKAB 

was high before LEAB went low. 
§ Output level before the indicated steady-state input 

conditions were established. 



logic symbofll 



OEAB 
CLKAB 
LEAB 



55 



OEBA 
CLKBA 
LEBA 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 
A18 



27 



30 



28 



EN1 

> 2C3 
C3 
G2 

NEN4 

> 5C6 
C6 
G5 

X— 



10 



12 



13 



14 



15 



16 



17 



19 



20 



21 



23 



24 



26 



3D 



1V 



4V 



6D 



54 



52 



51 



49 



48 



47 



45 



43 



42 



41 



40 



38 



37 



34 



31 



B1 

B2 
B3 
B4 
B5 
B6 
B7 



B10 
B11 
B12 
B13 
B14 
B15 
B16 
B17 
B18 



HThis symbol is in accordance with ANSI/IEEE Sfd 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 



OEAB 



CLKAB 



55 



LEAB 



LEBA 



28 



CLKBA - 



30 



OEBA 



A1 



27 



-> 



1D 
C1 
CLK<4 



1D 
C1 

> CLK 



^7 



54 



B1 



v - 

To 17 Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16501 96 mA 

SN74ABT1 6501 1 28 mA 

Input clamp current, l|K (V| < 0) -1 8 mA 

Output clamp current, Iqk (Vfj < °) ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DGG package 1 W 

DL package 1 W 

Storage temperature range ... -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 









SN54ABT16501 


SN74ABT16501 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 




4.5 


5.5 


V 


V| H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




; 0.8 


0.8 


V 


V l 


Input voltage 




cr 


vcc 


0 


vcc 


V 


'OH 


High-level output current 




-24 


-32 


mA 


»OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT16501 


SN74ABT16501 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18 mA 


-1.2 


-1 .2 


-1 .2 


V 


VOH 


Vcc = 4.5 V, Iqh = - 3 mA 


2.5 


2.5 


2.5 


V 


VcC = 5V, loH = ~3mA 


3 


3 


3 


Vcc = 4.5 V, lOH = - 24 mA 


2 


2 




V C C = 4.5 V, IOH = ~32mA 


2* 




2 


vol 


V C C = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


Vcc = 5.5 V, 
V| = V C c or GND 


Control inputs 


±1 


:: ±1 


±1 


|iA 


A or B ports 


±100 


±100 


±100 


>OZH § 


VcC = 5.5 V, V 0 = 2.7 V 


50 


50 


50 


MA 


"OZL § 


V C C = 5.5 V, V O = 0.5V 


-50 


> f -50 


-50 


M 


'off 


Vcc = 0. V|orVo<4.5V 


±100 




±100 


MA- 


>CEX 


Vcc = 5.5 V, Vq = 5.5 V Outputs high 


50 


50 


50 


MA 




V C C = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o. 

V| = Vccor 
GND 


A or B 
ports 


Outputs high 


3 


5 


3 


mA 


Outputs low 


76 


76 


76 


Outputs 
disabled 


3.3 


5.3 


3.3 


Alcc # 


Vcc = 5.5 V, One input at 
3.4 V, 

Other inputs at Vcc or GND 


Control inputs 


5 


6 


5 


mA 


A or B ports 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


4 






PF 




Vq = 2.5 V or 0.5 V 


A or B ports 


8 






PF 



t All typical values are at Vcc = 5 V. 

t- On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





SN54ABT16501 


SN74ABT16501 


UNIT 


MIM MAY 


MIM MAY 
ml IN MAA 


fclock Clock frequency, CLKAB or CLKBA 


o 1$ 


0 105 


MHz 


t w t Pulse duration 


LEAB or LEBA high 


3-3 i4 ? 


3.3 


ns 


CLKAB or CLKBA high or low 


4.7 ^ 


4.7 


t su Setup time 


A before CLKABT or B before CLKBAT 


5* 


3.5 


ns 


A before LEAB^ or B before LEBAi 


CLK high 


$» 


4 


CLK low 





1.5 


t n Hold time 


A after CLKABT or B after CLKBAt 


C 1 


1 


ns 


A after LEABl or B after LEBAi 


2.5 


2.5 



t This parameter is specified by design but not tested. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C[_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT16501 


SN74ABT16501 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f max 


CLKAB or CLKBA 




105 


160 




105 


105 


MHz 


tPLH 


A or B 


B or A 


1 


2.6 


3.4 


1 


3.9 


1 


3.7 


ns 


tPHL 


1 


2.6 


3.4 


1 


4.J 


1 


4 


tPLH 


LEAB or LEBA 


B or A 


1.3 


3.3 


4.3 


1.3 


5.4 


1.3 


5.1 


ns 


tPHL 


1.4 


3.1 


4.1 


1 - 4 


4.6 


1.4 


4.4 


tPLH 


CLKAB or CLKBA 


B or A 


1.5 


3.5 


4.5 


1.5 


5.3 


1.5 


5 


ns 


tPHL 


1.3 


3.1 


4.1 




4.6 


1.3 


4.4 


. tPZH 


OEAB or OEBA 


BorA 


1 


3 


.4 


. 1 


4.8 


1 


4.7 


ns 


tpZL 


2.6 


4.9 


5.9 


: 2.6 


6.6 


2.6 


6.5 


tPHZ 


OEAB or OEBA 


B or A 


1.6 


3.9 


4.9 


1.6 


5.9 


1.6 


5.8 


ns 


tPLZ 


1.1 


3.4 


4.4 


1.1 


5.1 


1.1 


4.9 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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PARAMETER MEASUREMENT INFORMATION 



From Output _ 



Under Test 
C L = 50 pF 
(see Note A) 



500 a 

-AW- 



500 Q 



o 7V 

^/ O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ'tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



t w - 



— y — y — 

Input 1-5Vit A 1 " 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



tn 



> 5v 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
OV 



Input 
(see Note B) 



Output 



Output 



X 1 - 5V X 7 * 7 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL 



tpZH -*| |<~ 



r 

' tpLz-^ k- 

\ | / VpL + O-i 

tpHZ->| ^~ 



3 V 



/t.5V \ ^OH-0-3V 



3V 
0V 

3.5 V 

vol 

VOH 

- 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT16540, SN74ABT16540 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3796, FEBRUARY 1991 - REVISED OCTOBER 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
<1 VatV cc = 5V,T A = 25°C 

Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA I 0 h» 
64-itiAIol) 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16540 ... WO PACKAGE 
SN74ABT16540 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10ET[ 1 
1Y1 [ 2 
1Y2[ 3 

GND[ 4 
1Y3[ 5 
1Y4[ 6 

v cc [ 7 

1Y5[ 
1Y6[ 
GNDt 
1Y7[ 
1Y8[ 
2Y1 [ 
2Y2[ 

gnd[ 

2Y3[ 
2Y4[ 

Vccf 

2Y5[ 
2Y6[ 

gnd[ 

2Y7[ 
2Y8 [ 
20E1 [ 



TT 



8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 



] 10E2 
] 1A1 
] 1A2 

]gnd 

] 1A3 
] 1A4 

]v cc 

J 1A5 
] 1A6 

]gnd 

] 1A7 
] 1A8 
]2A1 
]2A2 

Ignd 

]2A3 
]2A4 

]v cc 

J2A5 
]2A6 

Ignd 

]2A7 
26 ] 2A8 
25 ]20E2 



These 16-bit buffers and bus drivers provide a 
high-performance bus interface for wide data 
paths. 

The 3-state control gate is a 2-input AND gate with 
active -lo w inp uts so that if either output-enable 
(OE1 or OE2) input is high, all corresponding 
outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16540 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6540 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT1 6540 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


OUTPUT 


OE1 


OE2 


A 


Y 


L 


L 


L 


H 


L 


L 


H 


L 


H 


X 


X 


Z 


X 


H 


X 


Z 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 
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SN54ABT16540, SN74ABT16540 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3796, FEBRUARY 1991 - REVISED OCTOBER 1992 



logic symbolt 



logic diagram (positive logic) 



10E1 
10E2 
20E1 
20E2 

1A1 
1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
2A1 
2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



1 IS 


& 


EN1 
EN2 




24 IN 


& 


25 IS 









10E1 
10E2 



1A1 



48 



47 



46 



44 



43 



41 



40 



38 



37 



36 



35 



33 



32 



30 



29 



27 



26 



1V 



2V 



N 


3 


X 


5 


N 


6 




8 


9 




11 




N 


13 


N 


14 


\ 


16 


N 


17 


X 


19 


\ 


20 


N 


22 


N 


23 



1Y1 
1Y2 
1Y3 
1Y4 
1Y5 
1Y6 
1Y7 
1Y8 
2Y1 
2Y2 
2Y3 
2Y4 
2Y5 
2Y6 
2Y7 
2Y8 



1Y1 



To Seven Other Channels 



20E1 
20E2 



2A1 



24 



25 



36 



13 



2Y1 



To Seven Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, V<x • -0.5 V to 7 V 

Input voltage range, V| (see Note 1) . ... -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16540 96 mA 

SN74ABT16540 128 mA 

Input clamp current, Iik ( v i < 0) -18 mA 

Output clamp current, Iqk ( v O < Q) -50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range . . -65°C to 150°C 

$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT16540, SN74ABT16540 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3796, FEBRUARY 1991 - REVISED OCTOBER 1992 



recommended operating conditions (see Note 2) 







SN54ABT16540 


SN74ABT16540 


UNIT 




MIN MAX 


MIN MAX 


Vcc Supply voltage 


4-5 & 


4.5 5.5 


V 


Vm High-level input voltage 


2 Si?' 


2 


V 


V|l Low-level input voltage 


#0.8 


0.8 


V 


V| Input voltage 


q, 

v cc 


o v cc 


V 


'OH High-level output current 


TT" 

^ "24 


-32 


mA 


Iql Low-level output current 


5T 


64 


mA 


At/Av Input transition rise or fall rate Outputs enabled 


-41 s 

«i 10 


10 


ns/V 


Ta Operating free-air temperature 


-55 125 


-40 85 


°C 


NOTE 2: Unused or floating inputs must be held high or low. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT16540 


SN74ABT16540 


UNIT 


MIN TYPT MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, 1 1 = —18 mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5 V, l0H=-3mA 


2.5 


2.5 


2.5 


V 


VcC = 5V, l 0 H=-3mA 


3 


3 


3 


Vcc = 4.5 V, l0H = ~24mA 


2 


2 




Vcc = 4.5V, loH = "32mA 


2t 




2 


vol 


VCC = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4-5V, l0L = 64mA 


0.55* 




0.55 


"i 


V C C = 5.5 V, V| = V C C or GND 


±1 


±t; ; 


±1 


uA 


'OZH 


V C C = 5.5 V, Vq = 2.7V 


50 


50 


50 


"A 


"OZL 


V C C = 5 5 V, Vq = 0.5 V 


-50 


-50 


-50 


uA 


'off 


Vcc = 0, V| or Vo < 4.5 V 


±100 




±100 


uA 


'CEX 


Vcc = 5-5 V, Vq = 5.5 V Outputs high 


50 


50 


50 


uA 


l 0 § 


Vcc = 5.5 V, Vq = 2.5V 


-50 -100 -180 


,f50 -180 , 


-50 -180 


mA 


•cc 


V C C = 5.5 V, »O = 0. 
V| - V C C or GND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


Alec 11 


Vcc = 5-5 V, One 
input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1 


1 


1 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Ci 


V| = 2.5 V or 0.5 V 


7 






PF 


C 0 


Vq = 2.5 V or 0.5 V 


7 






pF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
HThis is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT16540, SN74ABT16540 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3796, FEBRUARY 1991 - REVISED OCTOBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Ci_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT16540 


SN74ABT16540 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


tPLH 


A 


Y 


1 2.3 3.3 


1 4.2 


1 4.1 


ns 


tPHL 


1.1 2.5 4.1 


1.1 r f4.4 


1.1 4.3 


tPZH 


OE 


Y 


1.1 3.1 4.2 




1.1 5.1 


ns 


tpZL 


1.6 3.7 4.8 


#r 6 


1.6 5.9 


tPHZ 


OE 


Y 


1.6 3.4 4.6 


r?6 5.4 


1.6 5.3 


ns 


tPLZ 


1.4 2.9 4.1 


1.4 4.7 


1.4 4.4 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT16540, SN74ABT16540 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

D3796, FEBRUARY 1991 - REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output . 



Under Test 
Cl = 50 pF 
(see Note A) 



50012 

-vw- 



500 a 



7V 



S1 



O Open 
? GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 




Input 1.5 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
OV 



Timing Input 



Data Input 



}<1.5V )(^~ 



3V 
OV 



3 V 
OV 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note 



L J 

tPLH -fi *| 

1 V 

Output I / 1.5 V 



Output 



3V 
OV 



tPHL 





VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



»PZL -*| k- | 

| t PLZ -»j U- 

\,.5v yr — 

A / vql+o- 



3V 



i tPHz-»i k- 

tpZH-+| f- 



VQH-03V 



3V 
OV 

3.5 V 

vol 

VOH 

« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Ail input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16541, SN74ABT16541 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS118A- D3797, FEBRUARY 1991 - REVISED OCTOBER 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT16541 ... WD PACKAGE 
SN74ABT16541 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



description 



10E1 [ 


— „ 

1 


48 


] 10E2 


1Y1 [ 


2 


47 


] 1A1 


1Y2[ 


3 


46 


] 1A2 


gnd[ 


4 


45 


]gnd 


1Y3[ 


5 


44 


] 1A3 


1Y4[ 


6 


43 


] 1A4 


Vcct 


7 


42 


]v C c 


1Y5[ 


8 


41 


] 1A5 


1Y6[ 


9 


40 


] 1A6 


gnd[ 


10 


39 


]gnd 


1Y7[ 


11 


38 


] 1A7 


1Y8[ 


12 


37 


3 1A8 


2Y1 [ 


13 


36 


]2A1 


2Y2[ 


14 


35 


]2A2 


GND [ 


15 


34 


] GND 


2Y3[ 


16 


33 


]2A3 


2Y4[ 


17 


32 


]2A4 


v C c[ 


18 


31 


]v cc 


2Y5[ 


19 


30 


]2A5 


2Y6[ 


20 


29 


]2A6 


gnd[ 


21 


28 


]gnd 


2Y7[ 


22 


27 


]2A7 


2Y8[ 


23 


26 


]2A8 


20ET[ 


24 


25 


]2QE2 



The 'ABT16541 is a noninverting 16-bit buffer 
composed of two 8-bit sections with separate 
output-enable signals. For eit her 8 -bit b uffer 
sec tion, the t wo ou tput-enable (10E1 and 10E2 
or 20E1 and 20E2) inputs must both be low for the 
corresponding Y outputs to be active. If either 
output-enable input is high, the outputs of that 
8-bit buffer section are in the high-impedance 
state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16541 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6541 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6541 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


OUTPUT 


OE1 


OE2 


A 


Y 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


Z 


X 


H 


X 


Z 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION mm Copyright © 1992, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to P il 

specifications per the terms of Texas Instruments standard warranty. vf*4P TV V A C 

Production processing does not necessarily include testing of all \f ItlyVrVo 
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16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS118A- D3797, FEBRUARY 1991 - REVISED OCTOBER 19 



logic symbolt 



1A1 
1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
2A1 
2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



logic diagram (positive logic) 



47 


1 1 V 


2 


46 


3 




44 




5 




43 




6 




41 


8 




40 


9 




38 




11 




37 




12 




36 




13 


1 2V 


35 


14 




33 


16 




32 


17 




30 




19 




29 




20 




27 


22 




26 


23 









1Y1 
1Y2 
1Y3 
1Y4 
1Y5 
1Y6 
1Y7 
1Y8 
2Y1 
2Y2 
2Y3 
2Y4 
2Y5 
2Y6 
2Y7 
2Y8 



10E1 


1 


IN 


& 




10E1 


i 


48 






EN1 


10E2 


48 


10l2 


24 












20E1 
20E2 




& 








25 


N 


EN2 


1A1 


47 
















1Y1 



To Seven Other Channels 




2Y1 



To Seven Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc ■ -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT16541 : 96 mA 

SN74ABT16541 128 mA 

Input clamp current, lj^ (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) • ■ -50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 1 50°C 

$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
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recommended operating conditions (see Note 2) 







SN54ABT16541 


SN74ABT16541 


UNIT 






MIN MAX 


MIN MAX 


Vcc 


Supply voltage 


4.5 5& 


4.5 5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


; , °-8 


0.8 


V 


V| 


Input voltage 


0 : V CC 


o v C c 


V 


'OH 


High-level output current 


V -24 


-32 


mA 


"OL 


Low-level output current 




64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


: 10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 125 


-40 85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16541 


SN74ABT16541 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1 .2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5 V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, lOH = " 3 mA 


3 


3 


3 


Vcc = 4.5 V, Iqh = -24 mA 


2 


2 




Vcc = 4.5 V, lOH = ~32 mA 


2t 




2 


vol 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


Vcc = 5.5 V, V| = Vcc <> r G ND 


±1 


±1 


±1 


[lA 


'OZH 


Vcc = 5.5 V, Vo = 2.7 V 


50 


,50 


50 


uA 


'OZL 


V C C = 5.5 V, V O = 0.5V 


-50 


-50 


-50 


uA 


•off 


Vcc = 0. V| or Vq < 4.5 V 


±100 




±100 


uA 


'CEX 


Vcc = 5.5 V, V 0 = 5.5 V Outputs high 


50 


50 


50 


uA 


io § 


V C C = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, l O = 0, 
V| - Vcc or GND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


Alec 11 


Vcc = 5.5 V, 
One input at 
3.4 V, 

Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1 


1.5 


1 


mA 
mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


7 






pF 


Co 


Vq = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PRODUCT PREVIEW information concerns products in the formative or ■. • • • 
design phase of development. Characteristic data and other 
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SN54ABT1 6541 , SN74ABT1 6541 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS118A- D3797, FEBRUARY 1991 - REVISED OCTOBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT16541 


SN74ABT16541 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


1 


2.1 


3 


1 


3.5 


1 


3.4 


ns 


tPHL 


1 


2.5 


3.6 


1 


4.3 


1 


4.2 


tpZH 


OE 


Y 


1.3 


3.2 


4.3 


1,3 


y 5.3 


1.3 


5.2 


ns 


tPZL 


1.6 


3.8 


4.7 




6.2 


1.6 


6 


tPHZ • 


OE 


Y 


1.3 


3.4 


4.4 


1.3 


5.4 


1.3 


5.1 


ns 


tPLZ 


1 


2.7 


3.6 


1 


4.3 


1 


3.9 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or " ' ' '"' ' 



e or discontinue these products without notice. 
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SN54ABT16541, SN74ABT16541 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS118A- D3797, FEBRUARY 1991 - REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 ft 

-AAA/ — 



500 ft 



o 7V 
O Open 

9 GND 



TEST 


S1 


*PLH*PHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



-t w 



— y y — 

Input 1.5 V * A 1,5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3 V 
0V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



~) ^ 15V ffi 7 



3 V 
0 V 



3.5 V 



\ | / YMjftay Vql 

i tpHz->i k- 

— / ^ «ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zfj = 50 ft, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT16543, SN74ABT16543 
16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS087A- D3798, FEBRUARY 1991 - REVISED OCTOBER 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
Distributed Vcc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mAlQL) 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



The 'ABT16543 16-bit registered transceiver 
contains two sets of D-type latches for temporary 
storage of data flowing in either direction. The 
'ABT1 6543 can be used as two 8-bit transceivers 
or one 1 6- bit tra nsceiver. Separate lat ch-ena ble 
(LEAB or LEBA) and output-enable (OEAB or 
OEBA) inputs are provided for each register to 
permit independent control in either direction of 
dataflow. 



SN54ABT16543 ... WD PACKAGE 
SN74ABT16543 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10EAB[ 1 
1LEAB[ 2 
1CEAB[ 3 
GND[ 4 
1A1 [ 5 
1A2[ 6 
V CC 
1A3[ 8 
1A4[ 9 
1A5[ 10 
GND[ 11 
1A6[ 12 
1A7[ 13 
1A8[ 14 
2A1 [ 15 
2A2[ 16 
2A3[ 17 
GND[ 18 
2A4[ 19 
2A5 [ 20 
2A6 [ 21 
V C C [ 22 
2A7 [ 23 
2A8 [ 24 
GND [ 25 
2 CEAB [ 26 
2LEAB[ 27 
20EAB[ 28 



10EBA 



1LEBA 

1CEBA 

GND 

1B1 

1B2 

V C C 

1B3 

1B4 

1B5 

GND 

1B6 

1B7 

1B8 

2B1 

2B2 

2B3 

GND 

2B4 

2B5 

2B6 

V C C 

2B7 

2B8 

GND 

2CEBA 



2 LEBA 
20EBA 



The A-to-B enable (CEAB) input must be low in 
orde r to ent er data from A or t o output data from 
B. If CEAB is low and LEAB is low, the A-to-B 

latch es are tran sparent ; a subsequent low-to-high transition of LEAB puts the A latches in the storage mode. 
With CEAB and OEAB both low, the 3-state B outputs are active an d reflec t the da ta p resent a t the output of 
the A latches. Data flow from B to A is similar but requires using the CEBA, LEBA, and OEBA inputs. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16543 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6543 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6543 is characterized for operation from -40°C to 85°C. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. — Copyright© 1992, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments P it 

standard warranty. Production processing does not necessarily include wm'W TVv a f> 

testing of all parameters. S^f lllXAo 
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SN54 ABT1 6543, SN74ABT1 6543 
16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS087A- D3798, FEBRUARY 1991 - REVISED OCTOBER 1992 



logic symbol§ 



FUNCTION TABLET 
(each 8-bit section) 



INPUTS 


OUTPUT 
B 




LEAB 




A 


CEAB 


OEAB 


H 


X 


X 


X 


Z 


X 


X 


H 


X 


z 


L 


H 


L 


X 




L 


L 


L 


L 


L 


L 


L 


L 


H 


H 



t A-to-B data flow is sho wn; B-to-A flow co ntrol is the 
same except that it uses CEBA, LEBA, and OEBA. 

t- Output level before the indicated steady-state input 
conditions were established. 



10EBA 



1CEBA 



1LEBA 
10EAB 



1CEAB 



1LEAB 
20EBA 



2CEBA 



2LEBA 
20EAB 



2CEAB 



2LEAB 
1A1 

1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
2A1 

2A2 
2 A3 
2A4 
2A5 
2A6 
2A7 
2A8 



56 


IN 


54 


IN 


55 


IN 


1 


IN 


3 


IN 


2 


IN 


29 


IN 


31 


IN 


30 


IN 


28 


IN 


26 


IN 


27 


IN 


5 


— — 



10 



12 



13 



14 



15 



16 



17 



19 



20 



21 



23 



1C5 
2EN4 



7C11 
8EN10 



a V3 
6D 



§This symbol is in accordance with ANSI/IEEE Std 91-198- 



V9 



12D 



5D 



4V 



11D 



10V 



and IEC Publication 617-12. 



52 



51 



49 



48 



47 



45 



44 



43 



42 



41 



40 



38 



37 



36 



34 



33 



1B1 

1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
2B1 

2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 
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SN54ABT16543, SN74ABT16543 
16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS087A- D3798, FEBRUARY 1991 - REVISED OCTOBER 1992 



logic diagram (positive logic) 




To Seven Other Channels 
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SN54ABT16543, SN74ABT16543 
16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS087A- D3798, FEBRUARY 1991 - REVISED OCTOBER 1992 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc • ■■ -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) . -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16543 96 mA 

SN74ABT1 6543 1 28 mA 

Input clamp current, I ik (V| < 0) -18 mA 

Output clamp current, Iqk ( v 0 < °) ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 1 W 

DL package 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and * 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT16543 


SN74ABT16543 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°c 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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SN54ABT16543, SN74ABT16543 
16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS087A- D3798, FEBRUARY 1991 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16543 


SN74ABT16543 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4.5 V, 'OH = - 3 mA 


2.5 


2.5 


2.5 


V 


Vqc = 5 V, Iqh = - 3 mA 


3 


3 


3 


Vcc = 4.5 V, Iqh = - 24 mA 


2 


2 




Vcc = 4-5 V, Iqh = - 32 mA 


2* 




2 


vol 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


"i 


V C C = 5.5 V, 
V| = V C C or GND 


Control inputs 


±1 


±1 


±1 


HA 


A or B ports 


±100 


±100 


±100 


l07H§ 


V C C = 5.5 V, Vq = 2.7V 


50 


50 


50 


uA 


"OZL § 


Vcc = 5-5 V, Vo = 0.5 V 


-50 


-50 


-50 


MA 


■off 


Vcc = 0, V|orVQ<4.5V 


±100 




±1 00 


\iA 


'CEX 


VCC = 5.5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


uA 




V C C = 5-5 V, Vo = 2.5 V 


- ou — IUU — <lUU 


— ou — *:UU 


— ou — *iUU 


mA 


'cc 


V C C = 5.5 V, 

io = o, 

V| = V C C or GND 


A or B 
ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


35 


35 


35 


Outputs 
disabled 


2 


2 


2 


Alcc # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


0.5 


0.5 


0.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 


Cj 0 


Vq = 2.5 V or 0.5 V 


A or B ports 


8.5 






pF 



t All typical values are at Vcc = 5 V. 

* On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters Iqzh ancl 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





VCC = 5V, 
T A = 25°C 


SN54ABT16543 


SN74ABT16543 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t w Pulse duration, LEAB or LEBA low 


4 


4 


4 


ns 


t su Setup time, data before LEABT or LEBAT 


High 


1.5 


1.5 


1.5 


ns 


Low 


3.5 


3.5 


3.5 


t n Hold time, data after LEABT or LEBAT 


High 


1.5 


1.5 


1.5 


ns 


Low 


2 


2 


2 
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SN54ABT16543, SN74ABT16543 
16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SGBS087A- D3798, FEBRUARY 1991 - REVISED OCTOBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



DADAUCTED 
rAnAME 1 En 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
Ta = 25°C 


SN54ABT16543 


SN74ABT16543 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tDI U 
l rLn 


A or B 


BorA 


1 


2.5 


3.3 


0.8 


3.9 


1 


3.8 


ns 




1 


2.7 


4.4 


0.9 


5.2 


1 


5.1 


tDI U 

l rLn 


LE 


A or B 


1 


3.1 


4.3 


1 


5.3 


1 


5.2 


ns 


tpHL 


1.2 


3.3 


4.8 


1.2 


5.7 


12 


5.6 


tPZH 


OE 


A or B 


1 


3.4 


4.3 


0.8 


5.3 


1 


5.2 


ns 


tpZL 


1.1 


3.8 


5.9 


1.1 


7.1 


1.1 


7 


tPHZ 


OE 


A or B 


1.9 


4 


5 


1.9 


7.2 


1.9 


5.7 


ns 


tPLZ 


1.6 


3.3 


4.2 


1.6 


5 


1.6 


4.6 


tPZH 


CE 


A or B 


1 


3.8 


4.9 


0.9 


6.3 


1 


6.2 


ns 


tpZL 


1.2 


4.2 


6.5 


1.2 


7.9 


1.2 


7.8 


tPHZ 


CE 


A or B 


2 


4.5 


5.6 


2 


7.3 


2 


6.6 


ns 


tPLZ 


1.7 


3.9 


5.1 


1.7 


5.6 


1.7 


5.4 
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SN54ABT16543, SN74ABT16543 
16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS087A-D3798, FEBRUARY 1991 -REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF ^ 
(see Note A) 



500 n 

-vw- 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— \y sy — 

Input 1-5Vjt A 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



1.5 V 



4- 



th 



}<i. 5 v y^r 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3 V 
OV 



Input 
(see Note B) 



Output 



Output 



~~ X 15V K 7 ^ 



tPLH -|« ►! 



3V 
OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



tpZL- 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPLZ"^ |«- 



v 0 l + 0-3 v 



3V 

ov 

3.5 V 

vol 



tpZH ->| |<- 



| tpHZ-^ j«- 



ui-JZav v oh 



« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 fl, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16600, SN74ABT16600 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED MAY 1 993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-UB ™ BiCMOS Design 
Significantly Reduces Power Dissipation 
UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, Clocked, or Clock-Enabled Mode 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015 
Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT1 6600 ... WD PACKAGE 
SN74ABT16600 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



description 



These 1 8-bit universal bus transceivers combine 
D-type latches and D-type flip-flops to allow data 
flow in transparent, latched, and clocked modes. 

Data flow in each d irecti on is controlled by 
output-enable (OEAB and OEBA), latch-e nable 
(LEAB and LEBA), and clock (CLKAB and 
CLKBA) input s. The clock can be controlle d by the 
clock-enable (CLKENAB and CLKENBA) inputs. 

For A-to-B data flow, the device operates in the 

transparent mode when LEAB is high. When LEAB is low, the A data is latched if CLKAB is held at a high or 
low logic level. If LEAB is low, the A-bus d ata is sto red in the latch/flip-flop on the high-t o-low t ransition of CLKAB. 
Output enable OEAB is active low. When OEAB is low, the outputs are active. When OEAB is high, the outputs 
are in the high-impedance state. 







u 

56 




ACAD T 


1 


J OLr\fclNAD 


1 CAD r 


2 


55 


J ULIVAd 


ah r 

Ml L 


3 


54 


1 R1 




4 


53 


J UlNU 


ao r 


5 


52 


1 DO 


aq r 

Ao L 


0 


O 1 


J DO 


v ccL 


7 


ou 


J v cc 


A>i r 

A4 L 


Q 

o 


AQ 

h\j 


J b4 


ac r 

AO L 


Q 


AQ. 

ho 


J DO 


Ad L 


in 


AT 
HI 


1 DA 
J DO 


oNU L 


11 


Ad 


J olNU 


A7 r 

A/ L 


12 


HO 


1 R7 

J D/ 


Aft r 

/AO L 


13 


44 


] B8 


AQ 1 

A» l 


14 


HO 


1 DO 

j t$y 


Ain r 
All) L 


15 


42 


1 D-m 

J DlU 


A II L 


16 


41 


J D I I 


a -i o r 


■J7 


40 


1 R1 O 
J Dl<l 


PKin r 


18 


39 




A13 [ 


19 


38 


] B13 


A14[ 


20 


37 


] B14 


A15[ 


21 


36 


]B15 


v C c[ 


22 


35 


]v cc 


A16[ 


23 


34 


] B16 


A17[ 


24 


33 


] B17 


gnd[ 


25 


32 


] GND 


A18[ 


26 


31 


] B18 


OEBA [ 


27 


30 


] CLKBA 


LEBA[ 


28 


29 


] CLKENBA 



Data flow for B to A is similar to that of A to B but uses OEBA, LEBA, CLKBA, and CLKENBA. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 6600 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT16600 is characterized over the full military temperature range of -55°C to 125°C. The 
SN74ABT1 6600 is characterized for operation from -40°C to 85°C. 



Widebus, EPIC-IIB, and UBT are trademarks of Texas Instruments Incorporated. 
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SN54ABT16600, SN74ABT16600 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



FUNCTION TABLET 



INPUTS 


OUTPUT 


CLKENAB 


OEAB 


LEAB 


CLKAB 


A 


B 


X 


H 


X 


X 


X 


Z 


X 


L 


H 


X 


L 


L 


X 


L 


H 


X 


H 


H 


H 


L 


L 


X 


X 


Bq* 


H 


L 


L 


X 


X 


Bq* 


L 


L 


L 


I 


L 


L 


L 


L 


L 


i 


H 


H 


L 


L 


L 


H 


x 


Bo* 


L 


L 


L 


L 


X 


B 0 § 



t A-to-B data flo w is shown: B-to -A flow is similar but uses OEBA, 
LEBA, CLKBA, and CLKENBA. 



t Output level before the indicated steady-state input conditions were 
established. 

§ Output level before the indi cated st eady-state input conditions were 
established, provided that CLKAB was low before LEAB went low. 



logic diagram (positive logic) 
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SN54ABT16600, SN74ABT16600 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED MAY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, Vj (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output In the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16600 96 mA 

SN74ABT16600 128 mA 

Input clamp current, lj K (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 1 W 

DL package 1 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT16600 


SN74ABT16600 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5,5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 rf 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


v cc 


0 


vcc 


V 


'OH 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


J L 10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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SN54ABT16600, SN74ABT1 6600 

18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED MAY 1 993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16600 


SN74ABT16600 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1-2 


-1.2 


V 


V 0 H 


V C c = 4.5 V, IOH = "3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, loH = -3mA 


3 


3 


3 


Vcc = 4-5 V, Iqh = - 24 mA 


2 


2 




Vcc = 4-5 V, lOH = - 32 mA 


2t 




2 


vql 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55-t 




0.55 


"i 


V C C = 5.5 V, 
V| = Vcc or 
GND 


Control inputs 


±1 




±1 


HA 


A or B ports 


±20 


<r— 

#o 


±20 


'OZH § 


V C C = 5-5 V, V 0 = 2.7 V 


10 


£ 10 


10 


HA 


"OZL§ 


V C C = 5.5 V, Vo = 0.5 V 


-10 




-10 




'off 


Vcc = 0> V|orVQ<4.5V 


±100 


— # 


±100 


|XA 


'CEX 


V C C = 5.5 V, 
V 0 = 5.5 V 


Outputs high 


50 


^ 

50 


50 




lO 11 


Vcc = 5.5 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


•cc 


V C C = 5.5 V, 

io = o, 

V| = Vcc or 
GND 


AorB 
ports 


Outputs high 


3 


3 


3 


mA 


Outputs low 


36 


36 


36 


Outputs disabled 


3 


3 


3 


Alcc # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


50 


50 


50 


liA 


Q 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 


Q 0 


VQ = 2.5Vor 0.5 V 


A or B ports 


9 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to Ml L-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH ar] d 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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SN54ABT16600, SN74ABT16600 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED MAY 1993 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 















SN54ABT16600 


SN74ABT16600 


UNIT 














MIN 


MAX 


MIN 


MAX 


f clock Clock frequency 


0 


150 


0 


150 


MHz 


t w Pulse duration 


LEAB or LEBA high 


2.5 




2.5 


ns 


CLKAB or CLKBA high or low 


3 




3 








A before CLKAB! or B before CLKBA! 


3 , 




3 




t su Setup time 




A before LEAB! or B before LEBA! 


2.5,* 


2.5 


ns 








CLKEN before CLK! 




2.5 










A after CLKAB! or B after CLKBA! 




0 




t n Hold time 




A after LEAB! or 


B after LEBA! 




2 


ns 








CLKEN after CLKT 


1 


1 




switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C__ = 50 pF (unless otherwise noted) (see Figure 1) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


vcc 
t a = 


= 5 V, 
25°C 


SN54ABT16600 


SN74ABT16600 


UNIT 




MIN TYP MAX 


MIN 


MAX 


MIN 


MAX 




fmax 






150 


150 


150 


MHz 


tPLH 


A or B 


B or A 


1.5 


2.5 3.6 


1.5 


4.2 


1.5 


4 


ns 


tPHL 


1.5 


3.2 4.5 


1-5 0 


1.5 


4.9 


tPLH 


LEAB or LEBA 


B or A 


2 


3.2 4.5 


2 


#6 


2 


5 


ns 


tPHL 


2 


3.4 4.5 


2 J? 5.4 


2 


5 


tPLH 




BorA 


2 


3.5 4.7 


%s 


1 5.4 


2 


5.3 


ns 


tPHL 


CLKAB or CLKBA 


2 


3.5 4.3 




5.2 


2 


5 


tpZH 


OEAB or OEBA 


BorA 


1.5 


3.4 4.6 




5.3 


1.5 


5.1 


ns 


tpZL 


2 


3.8 4.7 




5.6 


2 


5.4 


tPHZ 


OEAB or OEBA 


BorA 


2 


4.5 5.4 


2 


6.6 


2 


6.2 


ns 


tPLZ 


1.5 


3.4 4.7 


1.5 


5.8 


1.5 


5.4 
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SN54ABT16600, SN74ABT16600 

18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED MAY 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output . 



Under Test 
C|_ = 50 pF 
(see Note A) 



500 Q 

-AAA/ — 



500 ft 



o 7V 

O Open 
Q GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ/tPZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 



y N/ — 

15V A A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
0V 



Timing Input 



Data Input 



1.5 V 



} (i. 5 v 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
OV 



Input 
(see Note B) 



Output 



Output 



K i - 5v 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpzL-^l k- 



tpZH 



1 tpLZ-^ |«- 



A / VQL + 03V 



| tpHZ^ j«- 



3V 
0V 

3.5 V 

vol 



V O H-0.3V V ° H 
— «0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when, disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16601, SN74ABT16601 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED SEPTEMBER 1993 



Members of the Texas Instruments 
Wldebus™ Family 

State-of-the-Art EPIC41B ™ BICMOS Design 
Significantly Reduces Power Dissipation 
(/ST™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-type 
Flip-Flops for Operation In Transparent, 
Latched, Clocked, or Clock-Enabled Mode 
Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16601 ... WD PACKAGE 
SN74ABT16601 . . . DL PACKAGE 
(TOP VIEW) 







U S6 

56 




OFAR T 

ULA\0 I 


1 


1 PI kTNAR 


i par r 


2 


55 


1 PI k"AR 


ai r 

Ml 1 


3 


54 


1 R1 
Jbl 




4 


53 


J UlNU 


ao r 


5 


52 


JbZ 


a** r 

MO |_ 


6 


51 


J DO 


v ccL 


7 


50 


JVcc 


aa r 

M*f |_ 


8 


49 


Jb4 


ar r 

MO l 


9 


48 


1 rc; 

J DO 


AA r 

MO l 


TO 


47 


1 RR 
J DO 




11 


46 


J OlNU 


A7 [ 


12 


45 


1B7 


aa r 

MO [_ 


lO 


AA 
**** 


1 Rft 
J DO 


aq r 


i*» 


AI 


1 RQ 

J D«7 


Am r 

M I u l 


1(% 


AO 


1 RIO 
J DIU 


ah r 

Ml 1 [_ 


16 


AA 


1 R11 
J D 1 1 


ai o r 

Ml £. I 


l f 


40 


1 RIO 

J Old. 


GND [ 


18 


39 


]GND 


A13[ 


19 


38 


]B13 


A14[ 


20 


37 


]B14 


A15[ 


21 


36 


]B15 


v C c[ 


22 


35 


]v C c 


A16[ 


23 


34 


]B16 


A17[ 


24 


33 


]B17 


GND [ 


25 


32 


]GND 


A18[ 


26 


31 


]B18 


OEBA [ 


27 


30 


]CLKBA 


LEBA[ 


28 


29 


] CLKENBA 



These 1 8-bit universal bus transceivers combine 
D-type latches and D-type flip-flops to allow data 
flow in transparent, latched, and clocked modes. 

Data flow in each d irect ion is controlled by 
output-enable (OEAB and OEBA), latch-enable 
(LEAB and LEBA), and clock (CLKAB and 
CLKBA) input s. The clock can be controlle d by the 
clock-enable (CLKENAB and CLKENBA) inputs. 
For A-to-B data flow, the device operates in the 
transparent mode when LEAB is high. When 
LEAB is low, the A data is latched if CLKAB is held 
at a high or low logic level. If LEAB is low, the A-bus 
data is stored in the latch/flip-flop on the 
high-to -low transition of CLK AB. Ou tput enable 
OEAB is active low. When OEAB is low, the 
outputs are active. When OEAB is high, the 
outputs are in the high-impedance state. 

Data flow for B to A is similar to that of A to B but uses OEBA, LEBA, CLKBA, and CLKENBA. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqq through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16601 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT16601 is characterized over the full military temperature range of -55°C to 125°C. The 
SN74ABT1 6601 is characterized for operation from -40°C to 85°C. 



Widebus, EPIC-IIB, and UBT are trademarks of Texas Instruments Incorporated. 
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SN54ABT16601, SN74ABT16601 

18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED SEPTEMBER 1 993 



FUNCTION TABLET 



INPUTS 


OUTPUT 


CLKENAB 


/HIP AM | *m A mm 

OEAB LEAB 


CLKAB 


A 


B 


X 


H X 


X 


X 


2 


X 


L H 


X 


L 


L 


X 


L H 


X 


H 


H 


H 




X 


X 


Bo* 


H 




X 


X 


Bo* 


L 




t 


L 


L 


L 




t 


H 


H 


L 




L 


X 


B 0 * 


L 




H 


X 


Bq§ 



t A-to-B data flow is shown: B-to -A flow is similar but uses OEBA, 

LEBA, CLKBA, and CLKENBA. 
* Output level before the indicated steady-state input conditions were 

established. 

§ Output level before the indicated steady-state input conditions were 
established, provided that CLKAB was low before LEAB went low. 



logic diagram (positive logic) 




To 17 Other Channels 



^? TEXAS 

Instruments 

3-108 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT16601, SN74ABT16601 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992- REVISED SEPTEMBER 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0-5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output In the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 6601 96 mA 

SN74ABT16601 128 mA 

Input clamp current, I|k (V| < 0) -1 8 mA 

Output clamp current, Iqk (Vo < °) -50 mA 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 





SN54ABT16601 


SN74ABT16601 


UNIT 


MIN MAX 


MIN MAX 


Vqc Supply voltage 


4.5 5.5 


4.5 5.5 


V 


V|H High-level input voltage 


2 / 


2 


V 


V||_ Low-level input voltage 





0.8 


V 


V| Input voltage 


o<Tv C c 


0 V C C 


V 


'OH High-level output current 


£ ~ 24 


-32 


mA 


Iql Low-level output current 


-# — 


64 


mA 


At/Av Input transition rise or fall rate | Outputs enabled 




10 


ns/V 


Ta Operating free-air temperature 


-55 125 


-40 85 


°c 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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SN54ABT16601, SN74ABT16601 

18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED SEPTEMBER 1 993 , 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT16601 


SN74ABT16601 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l| =-18mA 


-1 .2 


-1.2 


-12 


V 


VOH 


Vcc = 4.5V, l 0 H=-3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, Iqh =~ 3mA 


3 


3 


3 


Vcc = 4.5V, Iqh ="24 mA 


2 


2 




V C C = 4.5V, l 0 H = -32mA 


2* 




2 


Vol 


Vcc = 4.5V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5V, Iql = 64 mA 


0.55* 




0.55 


ii , 


V C C = 5.5V, 
V| = VccorGND 


Control inputs 


±1 


#- 


±1 


ma 


A or B ports 


±20 


#22_ 


±20 


»OZH S 


Vcc = 5.5 V, Vo = 2.7 V 


10 


« 10 


10 


ma 


'OZL § 


Vcc = 5.5V, Vo = 0.5V 


-10 


•P -10 


-10 


ma 


•off 


Vcc=°. V|orVQa:4.5V 


±100 


"~# 


±100 


ma 


'CEX 


V C C = 5.5 V, 
Vq = 5.5V 


Outputs high 


50 


— — 

x 50 


50 


ma 


lO 11 


Vcc = 5.5 V, VQ = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


ice 


Vcc - 5.5 V, 

io = o, 

V| = VccorGND 


AorB 
ports 


Outputs high 


1.9 3 


3 


3 


mA 


Outputs low 


28 36 


36 


36 


Outputs 
disabled 


1.6 3 


3 


3 


Alec* 


Vcc = 5.5 V, One Input at 3.4 V, 
Other Inputs at Vcc or GND 


50 


50 


50 


jiA 


Cj 


V| = 2.5Vor 0.5V 


Control inputs 


3 






PF 


Clo 


Vo = 2.5Vor 0.5 V 


A or B ports 


9 






PF 



t All typical values are at Vcc = 5 V. 

* On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH and 'OZL include the input leakage current. 

^ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or G ND - 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





SN54ABT16601 


SN74ABT16601 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 150 


0 150 


MHz 


t w Pulse duration 


LEAB or LEBAhigh 


2.5 a. 


2.5 


ns 


CLKAB or CLKBA high or low 


3 ^ 


3 


t su Setup time 


A before CLKAB T or B before CLKBA f 




4 


ns 


A before LEAB 4 or B before LEBAj 


CLKhigh 




2.5 


CLKlow 




1 


CLKEN before CLKf 




2.5 


t n Hold time 


A after CLKAB t or B after CLKBA t 


^ o 


0 


ns 


A after LEABj or B after LEBAj 


2 


2 


CLKEN after CLKf 


0 


o 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



DAPAUPTPR 

rAnAMC I cn 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C«5V, 
T A = 25°C 


SN54ABT16601 


SN74ABT16601 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f 

'msx 






150 


200 




150 


150 


MHz 




AorB 


BorA 


1.5 


2.5 


3.6 


1.5 


4.2 


1.5 


4 




l PHL 


1.5 


3.4 


4.7 


1.5 5£ 


1.5 


4.9 


ns 


*PLH 


LEAB or LEBA 


BorA 


2 


3.4 


4.7 


L^i- 


2 


5 


ns 


tPHL 


2 


3.7 


5 


2^5.5 


2 


5.2 


tPLH 


CLKAB or CLKBA 


BorA 


1.5 


3.2 


4.5 


1.5C 4.9 


1.5 


4.7 


ns 


tPHL 


1.5 


3.2 


4.4 


# <° 


1.5 


4.6 


tpZH 




BorA 


2 


4 


5 




5.7 


2 


5.5 


ns 


tpZL 


OEAB or OEBA 


2 


4.2 


5.6 




6 


2 


5.8 


tPHZ 


OEAB or OEBA 


BorA 


2 


4.5 


5.4 


2 


6.6 


2 


6.2 


ns 


tpLZ 


1.5 


3.4 


4.7 


1.5 


5.8 


1.5 


5.4 
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18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED SEPTEMBER 1 993 



From Output _ 



Under Test 
Cl = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

_ 7V 



500 n 

-AAAr— 



500 Q 



O Open 
9 GND 



TEST 


St 


tPLH/tpHL 
tPLZAPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
OV 



Timing Input 



Data Input 



1.5 V 



t su 



r 



">(i.5v y^T 



3V 
OV 



3V 
OV 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



3V 
OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



*PZL->| 



1 t PLZ -*j j+- 



A / vol + Q.3V 



tpZH -*| |4~ 



3V 
OV 

3.5 V 

vol 



Vqh-0.3V V ° H 

*ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABUNG 



NOTES: A. Cj_ includes probe and jig capacitance. 

B. Ail input pulses are supplied by generators having the following characteristics: PRR s. 10 MHz, Zq = 50 Q, t r * 2.5 ns, tf s 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-lIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 

Distributed Vcc and GND Pm Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16623 ... WD PACKAGE 
SN74ABT16623 . . . DL PACKAGE 
(TOP VIEW) 
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] 10EBA 
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v ccE 




42 


5 V CC 
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] 1A6 


gnd[ 


10 
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] GND 


1B7[ 
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] 1A7 


1B8[ 
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37 


] 1A8 


2B1[ 


13 


36 


]2A1 


2B2[ 


14 
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]2A2 


gnd[ 


15 


34 


] GND 


2B3[ 


16 


33 


]2A3 


2B4[ 


17 


32 


]2A4 


v cc [ 


18 


31 


]v cc 


2B5[ 


19 


30 


]2A5 


2B6[ 


20 


29 


]2A6 


gnd[ 


21 


28 


]gnd 


2B7[ 


22 


27 


]2A7 


2B8[ 


23 


26 


]2A8 


20EAB[ 


24 


25 


] 20EBA 



The 'ABT1 6623 is a 1 6-bit transceiver designed 
for asynchronous communication between data 
buses. The control function implementation allows 
for maximum flexibility in timing. The 'ABT16623 
provides true data at its outputs. 

This device can be used as two 8-bit transceivers 
or one 16-bit transceiver. It allows data 
transmissibn from the A bus to the B bus or from 
the B bus to the A bus depending upon the log ic 

levels at the output-enable (OEAB and OEBA) inputs. The output-enable inputs can be used to disable the 
device so that the buses are effectively isolated. The dual-en able co nfiguration gives the transceivers the 
capability of storing data by simultan eously enabling OEAB and OEBA. Each output reinforces its input in this 
configuration. When both OEAB and OEBA are enabled and all other data sources to the two sets of bus lines 
are at high impedance, both sets of bus lines (32 in all) will remain at their last states. 



To ensure the high-impedance state during power up or power down, OEBA should be tied to Vcc through a 
pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 
OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by 
the current-sou rcing capability of the driver. 

The SN74ABT16623 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6623 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6623 is characterized for operation from -40°C to 85°C. 



Widebus and EPIOIIB are trademarks of Texas Instruments Incorporated. 
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logic symbolt 
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10EAB 
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20EBA 
20EAB 
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1A2 
1A3 
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40 
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35 



33 



32 
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29 



26 



FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


OPERATION 


OEBA OEAB 


L L 

L H 

H L 
H H 


B data to A bus 

B data to A bus, 
A data to B bus 

Isolation 

A data to B bus 



EN1 
EN2 
EN3 
EN4 



V 1 



2 V 



V 3 



4V 



11 



12 



13 



14 



16 



17 



19 



20 



22 



23 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 



logic diagram (positive logic) 

48 
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1B3 
1B4 
1B5 
1B6 
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2B2 
2B3 
2B4 
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2B6 
2B7 
2B8 



1B1 



To Seven Other Channels 



20EBA 
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20EAB 



2A1 



36 



3> 



13 



2B1 



To Seven Other Channels 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc ~°- 5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16623 96 mA 

SN74ABT16623 128 mA 

Input clamp current, l|K ( v I < °) -18 mA 

Output clamp current, Iqk ( v 0 < °) ~ 50 mA 

Maximum power dissipation at TX = 55°C (in still air) 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT16623 


SN74ABT16623 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 




4.5 


5.5 


V 


V|H 


High-level input voltage 




2 




2 


V 


V|L 


Low-level input voltage 




;0.8 


0.8 


V 


V| 


Input voltage 




0 


>cc 


0 


vcc 


V 


'OH 


High-level output current 




~ -24 


-32 


mA 


"OL 


Low-level output current 




, : * 48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


5 


5 


ns/V 


ta 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT16623 


SN74ABT16623 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1 .2 


V 


V 0H 


Vcc = 4.5 V, Iqh = -3 mA 


2.5 


2.5 


2.5 


V 


VCC = 5V > loH = -3mA 


3 


3 


3 


Vcc = 4-5 V, Iqh = - 24 mA 


2 


2 




Vcc = 4.5 V, Iqh = - 32 mA 


2* 




2 


vol 


Vcc = 4.5 V, l0L = 48mA 


0.55 


0.55 




V 


Vcc = 4.5 V, lQL = 64mA 


0.55* 




0.55 


ii 


V C C = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


±1- 


±T 


MA 


A or B ports 


±100 


±100 


±100 


>OZH§ 


Vcc = 5.5 V, Vq = 2.7V 


50 


50 


50 


|xA 


>OZL§ 


V C C = 5.5 V, V O = 0.5V 


-50 


-50 


-50 




'off 


Vcc = °» v l or v O ^ 4.5 V 


±100 




±100 




'CEX 


VCC = 5-5 V, V 0 = 5,5 V 


Outputs high 


50 


50 


50 


^lA 




V C C = 5.5 V, V 0 = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5-5V, 

io = o, 

V| = V C C or GND 


A or B ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


35 


35 


35 


Outputs 
disabled 


2 


2 


2 


AI C c # 


V C c = 5-5 V, 
One input at 3.4 V, 
Other inputs at Vcc 
or GND 


Data inputs 


Outputs 
enabled 


1 


1.5 


1 


mA 


Outputs 
disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 




V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 


Cio 


V 0 = 2.5 V or 0.5 V 


A or B ports 


8 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH an d 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABT16623 


SN74ABT16623 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A or B 


Bor A 


1 


2 


3.2 


1 


3.7 


1 


3.6 


ns 


tPHL 


1 


2.2 


3.4 


1 


4.4 


1 


4.3 


tpZH 




AorB 


1.1 


3 


4 


1.1 


5 


1.1 


4.9 


ns 


tpZL 


OEBA or OEAB 


1.4 


3.3 


4.9 


1.4 


6.2 


1.4 6 


tPHZ 


OEBA or OEAB 


AorB 


1 


3.5 


4.9 


t 


6.2 


1 


6 


ns 


tPLZ 


1.4 


2.8 


4.7 


1.4 


5.6 


1.4 


5.4 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design.goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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PARAMETER MEASUREMENT INFORMATION 



From Output ». 

Under Test 

C|_ = 50 pF 
(see Note A) 



500 Q. 

-AAA — 



S1 „ 



500 a 



o 7V 

O Open 
? GND 



TEST 


S1 


tPLH^PHL 
tPLZ/tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



-t w - 



Input 1.5V^" ^ 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



j\\ — 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



3 V 
0V 



Input 
(see Note B) 



Output 



Output 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
SI at Open 
(see Note C) 



tpZL-^| k- I 

I .plz-*j y 



0.3 V 



3V 

ov 

3.5 V 

vol 



I tpHZ-^ f~ 
tpZH"^ \*~ ] 

/ X «ov 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Distributed Vcc and GND pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16640 ... WD PACKAGE 
SN74ABT16640 . . . DL PACKAGE 
(TOP VIEW) 
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] 1A8 
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]2A4 


v C c[ 
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The 'ABT1 6640 is an inverting 1 6-bit transceiver 
designed for asynchronous communication 
between data buses. 

This device can be used as two 8-bit transceivers 
or one 1 6-bit transceiver. It allows data 
transmission from the A bus to the B bus or from 
the B bus to the A bus, depending upon the logic 
level at the direction-control (1 DIR and 2DIR) 
inputs. The output-enable (10E and 20E) inputs , 
can be used to disable the device so that the buses 
are effectively isolated. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16640 is available in TTs shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6640 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6640 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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logic symbolt 
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10E 
1DIR 
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2DIR 
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1A2 
1A3 
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2A8 



25 



24 



G3 

3 EN1 [BA] 
3 EN2 [AB] 

G6 

6 EN4 [BA] 
6 EN5 [AB] 



logic diagram (positive logic) 
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1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
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2B2 
2B3 
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2B5 
2B6 
2B7 
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To Seven Other Channels 



20E 
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24 
















2A1^ 



. v 

To Seven Other Channels 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqq -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16640 96 mA 

SN74ABT16640 128 mA 

Input clamp current, I|k (V| < 0) -18mA 

Output clamp current, Iqk (Vo < 0) ■ ■ ■ ■ -50 mA 

Maximum power dissipation at = 55°C (in still air) 0.85 W 

Storage temperature range -65°Cto150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those. indicated under "recommended operating conditions" is not 
implied/Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 





SN54ABT16640 


SN74ABT16640 


UNIT 


MIN MAX 


MIN MAX 


Vqc Supply voltage 


4.5 5$ 


4.5 5.5 


V 


Vm High-level input voltage 


2 A' 


2 


V 


V||_ Low-level input voltage 


c 0.8 

& * 


0.8 


V 


V| Input voltage 


9 v C c 


o v C c 


V 


lOH High-level output current 


cV -24 

— *a 


-32 


mA 


Iql Low-level output current 


,y 48 


64 


mA 


At/Av Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


Ta Operating free-air temperature 


-55 125 


-40 85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT16640 


SN74ABT16640 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4 -5V, l| = -18mA 


-1.2 


-1 .2 


-1.2 


V 


VOH 


Vcc = 4.5 V, l0H = "3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Ioh = ~ 3 mA 


3 


3 


3 


Vcc = 4 5 V, lOH = - 24 mA 


2 


2 




Vcc = 4.5 V, lOH = - 32 mA 


2t 




2 


vol 


Vcc = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55+ 




0.55 


ii 


Vcc = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


*;±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


"OZH§ 


Vcc = 55 v ' v O = 2.7 V 


50 


50 


50 




»OZL § 


Vcc = 5-5 V, Vq = 0.5 V 


-50 


/ -50 


-50 


HA 


•off 


Vcc = °. v | or Vq ^ 4.5 V 


±100 




±100 


uA 


•CEX 


VCC = 5.5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


HA 


lO 11 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o, 

V| = Vcc or GND 


A or B 
ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


Alcc # 


V C C = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data 
inputs 


Outputs enabled 


1 


1.5 


1 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Ci 


V| = 2.5Vor 0.5 V 


Control inputs 


3 






PF 


Qo 


Vq = 2.5 Vor 0.5 V 


A or B ports 


8 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters IrjZH ancl 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC = 5V, 
T A = 25°C 


SN54ABT16640 


SN74ABT16640 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A or B 


BorA 


1 


2.5 


3.4 


1 


f 4.4 


1 


4.3 


ns 


tPHL 


1.1 


2.8 


3.6 




4 


1.1 


3.9 


tpZH 


OE 


A or B 


1.2 


3.5 


4.5 




#5.6 


1.2 


5.5 


ns 


tpzL 


1.5 


3.9 


5 


tX&p 6.4 


1.5 


6.3 


tPHZ 


OE 


A or B 


1.8 


3.8 


4.8 


1.8 


6.5 


1.8 


6.3 


ns 


tPLZ 


1.5 


3 


3.9 


1.5 


4.4 


1.5 


4.2 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q 

-AAA/ — 



500 Q 



7V 



S1 



V* O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ/tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



-t w - 



— \y y — 

Input 1-5 V it A 1 " 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



>'l.5V 
N 



tfiU ■ 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3 V 
0V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



'PZL-+J k— 



1 t PLZ -»J \t- 



«PZH -^l |4- 

I 



\l.5V Y 

A I / vql + o. 

I tpHZ-*l |*- 

f~ L 



3 V 



3V 
0V 

3.5 V 

vol 



VQH-0.3V V ° H 

— «ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16646 ... WD PACKAGE 
SN74ABT16646 . . . DL PACKAGE 
(TOP VIEW) 



• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art EPIC-UB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

• Distributed Vcc and GND pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• High-Drive Outputs (-32-mA I 0 h> 
64-mA Iql) 

• Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 

description 

The 'ABT16646 consists of bus transceiver 
circuits, D-type flip-flops, and control circuitry 
arranged for multiplexed transmission of data 
directly from the input bus or from the internal 
registers. 

The device can be used as two 8-bit transceivers 
or one 1 6-bit transceiver. Data on the A or B bus 
is clocked into the registers on the low-to-high 
transition of the appropriate clock (CLKAB or 
CLKBA) input. Figure 1 illustrates the four 
fundamental bus-management functions that can 
be performed with the 'ABT1 6646. 

Output-enable (OE) and direction-control (DIR) inputs are provided to control the transceiver functions. In the 
transceiver mode, data present at the high-impedance port may be stored in either register or in both. The 
select-control (SAB and SBA) inputs can multiplex stored and real-time (transparent mode) data. The circuitry 
used for select control eliminates the typical decoding glitch that occurs in a multiplexer during the transition 
between stored and real-time data. The direction control (DIR) determines which bus receives data when OE 
is low. In the isolation mode (OE high), A data may be stored in one register and/or B data may be stored in the 
other register. 

When an output function is disabled, the input function is still enabled and may be used to store and transmit 
data. Only one of the two buses, A or B, may be driven at a time. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16646 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT16646 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT1 6646 is characterized for operation from -40°C to 85°C. 
Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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1DIR L 


1 


u 

56 


J 10E 


1 CLKAB [ 


2 


55 


] 1 CLKBA 


1SAB [ 


3 


54 


] 1SBA 


GND [ 


4 


53 


] GND 


1A1 L 


5 


52 


] 1B1 


1A2 L 


6 


51 


] 1B2 


%# r 

VCCL 
1A3L 


7 
8 


50 
49 


\ Vcc 

J 1B3 


A A A r 

1A4 L 


9 


48 


] 1B4 


A Ar- r 

1A5 L 


10 


47 


] 1B5 


GND [ 


11 


46 


] GND 


1A6[ 


12 


45 


] 1B6 


A A ~7 r 

1A7 L 


13 


44 


J 1B7 


a a« r 

1A8 L 


14 


43 


] 1B8 


2A1 [ 


15 


42 


] 2B1 


2A2 [ 


16 


41 


] 2B2 


2A3[ 


17 


40 


]2B3 


GND [ 


18 


39 


J GND 


2A4[ 


19 


38 


]2B4 


2A5[ 


20 


37 


]2B5 


2A6[ 


21 


36 


] 2B6 


Vcc[ 

2A7[ 


22 
23 


35 
34 


]v cc 

J2B7 


2A8[ 


24 


33 


]2B8 


gnd[ 


25 


32 


]gnd 


2SAB[ 


26 


31 


]2SBA 


2CLKAB [ 
2DIR[ 


27 
28 


30 
29 


] 2CLKBA 
]20E 



PRODUCTION DATA information is current as of publication date. 
Products conform to specifications per the terms of Texas instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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I 1 

I I 
I I 
I I 



i — r 

i i 
i i 
i i 
i i 



1 1 — i 

h i 
1 1 i 

U L 

1 — n 

i i 
i i 
i i 
i i 



in 



i 1 1 

I I 
I I 
I I 

J L 



I II 

I I 

I I 
I I 



I 1 

I I 

I I 

I I 
J L 



I I 

I I 

I I 
I I 



OE DIR CLKAB CLKBA SAB SBA 
L L X X X L 

REAL-TIME TRANSFER 
BUS B TO BUS A 



rn i i 



i in i 



XL 



OE DIR CLKAB CLKBA SAB SBA 
L H X X L X 

REAL-TIME TRANSFER 
BUS A TO BUS B 



OE 


DIR 


CLKAB CLKBA 


SAB 


SBA 


OE 


DIR CLKAB CLKBA SAB 


SBA 


X 


X 


T X 


X 


X 


L 


L X L X 


H 


X 


X 


x T 


X 


X 


L 


H L X H 


X 


H 


X 


t f 

STORAGE FROM 
A, B, OR A AND B 


X 


X 




TRANSFER STORED DATA 
TO A AND/ORB 





Figure 1. Bus-Management Functions 
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logic symbolt 



10E 
1DIR 

1CLKBA 
1SBA 
1CLKAB 
1SAB 
20E 
2DIR 

2CLKBA 
2SBA 

2CLKAB 
2SAB 

1A1 



1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 

2A1 



2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



56 



10 



12 



13 



14 



15 



16 



1 




< 




55 




54 


2 


3 


29 


IS 


28 


1 K 






30 




31 


27 


26 






5 


— *— 



G3 

3 EN1 [BA] 
3 EN2 [AB] 

> C4 
G5 

> C6 
G7 
G10 

10EN8 [BA] 
10EN9[AB] 

> C11 
G12 

> C13 
G14 



17 


4 ► 


19 


4 ► 


20 


4 ► 


21 


4 ► 
4 ► 


23 




24 


4 ► 
4 ► 



V1 



60 



1 7 



4D 



5 1 



>1 



2V 



>1 
V8 



13D 14 



1 14 



12 11D 



12 1 



>1 



9V 



52 



51 



49 



48 



47 



45 



44 



43 



42 



41 



40 



38 



37 



36 



34 



33 



1B1 



1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
2B1 



2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 

_56 



10E 



1DIR 



On 



1CLKBA 
1SBA 



1CLKAB 



55 



54 



1SAB 



1A1 



5^ 



1 of 8 Channels 




1D 

>C1 



1D 
C1<t 



20E 



2DIR 
2CLKBA 



2SBA 
2CLKAB 



2SAB 



29 



_28_ 



To Seven Other Channels 



30 



31 



26 



2A1 



15 



> 



1 of 8 Channels 




1D 

>C1 



1D 

C1<t 



To Seven Other Channels 



52 



1B1 



42 



2B1 
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FUNCTION TABLE 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


X 


X 


T 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


T 


X 


X 


Unspecifiedt 


Input 


Store B, A unspecifiedt 


H 


X 


t 


T 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


L 


L 


X 


X 


Input disabled 


Input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


L 


X 


H 


Output 


Input 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


L 


H 


L 


X 


H 


X 


Input 


Output 


Stored A data to B bus 



tThe data output functions may be enabled or disabled by various signals at the OE and DIR inputs. Data input functions are always enabled; 



i.e., data at the bus pins will be stored on every low-to-high transition of the clock inputs. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, Vqc ~0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16646 96 mA 

SN74ABT16646 128 mA 

Input clamp current, l|K ( v l < °) -18 mA 

Output clamp current, Iqk ( v O < °) ■ ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air) 1 W 

Storage temperature range -65°C to 150°C 



$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT16646 


SN74ABT16646 


UNIT 






MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


v C c 


0 


vcc 


V 


•oh 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fairrate 


Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16646 


SN74ABT16646 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5 V, IOH = -3mA 


C..O 


2 5 


2 5 


V 


Vcc = 5V, loH = -3mA 




3 


3 


Vcc = 4.5 V, IOH = -24mA 


2 


2 




Vcc = 4.5 V, IOH = -32mA 


2$ 




2 


vol 


Vcc = 4-5 V, Iol = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, IOL = 64mA 


0.55$ 




0.55 


"i 


V C C = 5.5 V, 
V| = Vcc or 
GND 


Control inputs 


4-1 




4-1 


UA 


A or B ports 


±20 


±20 


±20 


'OZH § 


V C C = 5.5 V, V 0 = 2.7V 


10 


10 


10 


uA 


"OZL § 


Vcc = 5-5 V, V 0 = 0.5 V 


-10 


-10 


-10 


uA 


'off 


Vcc = °» V|orVQ<4.5V 


±100 




±100 


uA 


«CEX 


Vcc = 5-5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


uA 




Vcc = 5-5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o. 

V| = Vcc or 
GND 


A or B 
ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


AICC # 


V C C = 5.5 V, 
One input at 
3.4 V, 

Other inputs at 
Vcc or GND 


Data 
inputs 


Outputs enabled 


50 


50 


50 


uA 


Outputs disabled 


50 


50 


50 


Control inputs 


50 


50 


50 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


4 






PF 




Vq = 2.5 V or 0.5 V 


A or B ports 


8 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5 V, 
T A = 25°C 


SN54ABT16646 


SN74ABT16646 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 




fclock Clock frequency 


0 125 


0 125 


0 125 


MHz 


t w Pulse duration, CLK high or low 


4.3 


4.3 


4-3 


ns 


t su Setup time, A or B before CLKABt or CLKBAt 


3, 


4 


3 


ns 


t n Hold time, A or B after CLKABT or CLKBAt 


0 


0.5 


0 


ns 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5V, 
T A = 25°C 


SN54ABT16646 


SN74ABT16646 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 






125 


125 


125 


MHz 


tPLH 


CLKBA or CLKAB 


AorB 


1.5 


3.1 


4 


1 


5 


1.5 


4.9 


ns 


tPHL 


1.5 


3.2 


4.1 


1 


5 


1.5 


4.7 


tPLH 


A or B 


B or A 




2.3 


3.2 


0.6 


4 


1 3.9 


ns 


tPHL 




3 


4.1 


0.6 


4.9 


1 4.6 


tPLH 


SAB or SBAT 


Bor A 




2.9 


4.3 


0.6 


5.3 


1 5 


ns 


tPHL 




3.1 


4.3 


0.6 


5.3 


1 5 


tpZH 


OE 


AorB 




3.4 


4.6 


0.6 


5.9 


1 5.5 


ns 


tPZL 


1.5 


3.5 


4.9 


1 


6 


1.5 


5.7 


tPHZ 


OE 


AorB 


1.5 


3.9 


4.9 


1 


6.4 


1.5 


5.4 


ns 


*PI_Z 


1.5 


3.1 


4.1 


1 


4.7 


1.5 


4.5 


tPZH 


DIR 


AorB 


1 


3.2 


4.5 


0.6 


5.8 


1 


5.4 


ns 


tpZL 


1.5 


3.4 


4.8 


1 


6.7 


1.5 


5.6 


tPHZ 


DIR 


AorB 


2 


4.2 


5.7 


1.2 


7.1 


2 


6.7 


ns 


tPLZ 


1.5 


3.6 


5.1 


1 


6.2 


1.5 


5.9 



t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



3-131 



SN54ABT16646, SN74ABT16646 

16-BIT BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED MAY 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 

-AAA — 



500 & 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZflpZL 
tPHZ^PZH 


Open 
7 V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



t w - 



Input 1.5 ^ 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



l su 



th 



} (i.5v y 7j7 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



ZX 15V XE 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



tpzL ->j k- 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



I tp LZ -H L 



\ \ 4 YpL+_0-3V 



| tpHZ-^ 
tpZH ~>\ |4~ 



3V 
0V 

3.5 V 

vol 



/l.5V \^"'°- : 



~ ^ 3~V V ° H 



,ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT16648 ... WD PACKAGE 
SN74ABT16648 . . . DL PACKAGE 
(TOP VIEW) 



description 



1DIR[ 1 
1CLKAB[ 2 
1SAB[ 3 
GND[ 4 
1A1 [ 5 
1A2[ 6 

V CC [7 
1A3[ 8 
1A4[ 9 
1A5[ 10 
GND [ 11 
1A6[ 12 
1A7[ 13 
1A8[ 14 
2A1 [ 15 
2A2[ 16 
2A3 [ 17 
GND[ 18 
2A4 [ 19 
2A5 [ 20 
2 A6 [ 21 
V CC t 22 
2A7 [ 23 
2A8 [ 24 
GND [ 25 
2SAB [ 26 
2CLKAB [ 27 
2DIR [ 28 



56 ] 10E 
55 ] 1CLKBA 
54 ] 1SBA 
53 ] GND 
52]1B1 
51 ] 1B2 
50 ] V CC 
49 ] 1B3 
48 ] 1B4 
47]1B5 
46 ] GND 
45 ] 1B6 
44]1B7 
43 ] 1B8 
42 ] 2B1 
41 ] 2B2 
40 ] 2B3 
39 ] GND 
38 ] 2B4 
37 ] 2B5 
36 ] 2B6 
35 ] V CC 
34 ] 2B7 
33 ] 2B8 
32 ] GND 
31 ] 2SBA 
30 ] 2CLKBA 
29 ]20E 



The 'ABT16648 is a 16-bit bus transceiver that 
consists of D-type flip-flops and control circuitry 
arranged for multiplexed transmission of data 
directly from the input bus or from the internal 
registers. The device can be used as two 8-bit 
transceivers or one 1 6-bit transceiver. Data on the 
A or B bus is clocked into the registers on the 
low-to-high transition of the appropriate clock 
(CLKAB or CLKBA) input. Figure 1 illustrates the 
four fundamental bus-management functions that 
can be performed with the 'ABT16648. 

Output-enable (OE) and direction-control (DIR) inputs are provided to control the transceiver functions. In the 
transceiver mode, data present at the high-impedance port may be stored in either register or in both. The 
select-control (SAB and SBA) inputs can multiplex stored and real-time (transparent mode) data. The circuitry 
used for select control will eliminate the typical decoding glitch that occurs in a multiplexer during the transition 
between stored and real-time data . The direction control (DIR) determines which bus will receive data when OE 
is low. In the isolation mode (OE high), A data may be stored in one register and/or B data may be stored in 
the other register. 

When an output function is disabled, the input function is still enabled and may be used to store and transmit 
data. Only one of the two buses, A or B, may be driven at a time. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16648 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6648 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6648 is characterized for operation from -40°C to 85°C. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 

PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 992, Texas Instruments Incorporated 
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< 



I I 

I I 

I I 

I I 

i_L 

i — r 

i i 
i i 
i i 1 
i i 



i — i 
i i 
i i 
i i 

J L 



II I 
I I 
I I 
I I 



m 

CO 
D 
ffi 



< 

CO 



I I 

I II 

I l| 

1 1 1 



I I 
I I 

I 1 

I I 



I I 
I I 
I | 

_L_± 

1 r 

I I 

I I 

I I 
I l 



56_ 1 2 55 3 54 

OE DIR CLKAB CLKBA SAB SBA 
L L X X X L 



REAL-TIME TRANSFER 
BUS B TO BUS A 



56^ 1 2 55 3 54 

OE DIR CLKAB CLKBA SAB SBA 
L H X X L X 

REAL-TIME TRANSFER 
BUS A TO BUS B 




56 


1 


2 


55 


3 


54 


56 


1 


2 


55 


3 


54 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


X 


X 


T 


X 


X 


X 


L 


L 


X 


L 


X 


H 


X 


X 


X 


t 


X 


X 


L 


H 


L 


X 


H 


X 


H 


X 


T 


t 


X 


X 















STORAGE FROM TRANSFER STORED DATA 

A, B, OR A AND B TO A AND/ORB 



Figure 1 . Bus-Management Functions 
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logic symbolt 



10E 
1DIR 

1CLKBA 
1SBA 

1CLKAB 
1SAB 
20E 

2DIR 

2CLKBA 
2SBA 

2CLKAB 
2SAB 

1A1 



1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 

2A1 



2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



21 



56 



1 


( 










55 






54 


2 


3 


29 




IN 


28 


( 










30 






31 


27 


26 


5 


-#— 





10 



12 



13 



14 



15 



16 



17 



19 



20 



23 



24 



G3 

3 EN1 [BA] 
3 EN2 [AB] 

|> C4 
G5 

t> C6 
G7 
G10 

10EN8 [BA] 
10EN9[AB] 

> C11 
G12 

> C13 
G14 



>1 



V 1 



6D 



1 7 



4D 



5 1 



>1 



2V 



>1 



V 8 



13D 14 



1 14 



12 11D 



12 1 



>1 



9V 



52 



51 



49 



48 



47 



45 



44 



43 



42 



41 



40 



38 



37 



36 



34 



33 



1B1 



1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
2B1 



2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 



T This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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"0 
J> 
O 
D 
C 

o 

-o 

m 
< 

m 



logic diagram (positive logic) 

''-pOh 



56 



1DIR- 
1CLKBA 



55 



1SBA 
1CLKAB- 



54 



1SAB- 



1A1 ^ ► 



1 of 8 Channels 



1D 

>C1 



1D 

C1< 




To Seven Other Channels 



20E 



2DIR 



IfOi 



2CLKBA 
2SBA 



31 



2CLKAB — | 

26 



2SAB- 



2A1 1 ^-^ 



5=; 



1 of 8 Channels 



1D 

C1< 




42 

r++ — 2B1 



To Seven Other Channels 
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FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OE 


DIR 


CLKAB CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


X 


X 


t 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


T 


X 


X 


Unspecifiedt 


Input 


Store B, A unspecifiedt 


H 


X 


T 


T 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


L 


L 


X 


X 


Input disabled 


Input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


L 


X 


H 


Output 


Input 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


L 


H 


L 


X 


H 


X 


Input 


Output 


Stored A data to B bus 



t The data output functions may be enabled or disabled by a variety of level combinations at the OE and DIR inputs. Data input functions are always 
enabled; i.e., data at the bus pins is stored on every low-to-high transition on the clock inputs. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, Vcc -0 - 5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16648 96 mA 

SN74ABT16648 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v 0 < °) ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air) 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT16648 


SN74ABT16648 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


"OH 


High-level output current 


-24 


-32 


mA 


>0L 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°c 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 3-1 37 



SN54ABT16648, SN74ABT16648 

16-BIT TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SEPTEMBER 1992 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16648 


SN74ABT16648 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 45 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


V 0 H 


V C C = 4.5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, Iqh =-3mA 


3 


3 


3 


V C C = 4.5 V, IOH = -24mA 


2 


2 




Vcc = 4.5 V, loH = - 32mA 


2* 




2 


vol 


Vcc = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


!i 


V C C = 5-5V, 
V| = Vcc or GND 


Control inputs 


±1 


±1 


±1 


HA 


A or B ports 


±100 


±100 


±100 


IOZH§ 


V C C = 5.5 V, V 0 = 2.7 V 


50 


50 


50 


HA 


'OZL § 


V C C = 5-5 V, V 0 = 0.5 V 


—50 


—50 


-50 


uA 


'off 


Vcc = 0> V|orV 0 <4.5V 


±100 




±100 


HA 


'CEX 


VCC = 5-5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


uA 


lO 11 


Vcc = 5-5V, V 0 = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o. 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


72 


72 


30 


Outputs disabled 


2 


2 


2 


Alcc # 


V C c = 5.5 V, 
One input at 
3.4 V, 

Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1 


1 .5 


1 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 








PF 




Vq = 2.5 V or 0.5 V 


A or B ports 








PF 



t All typical values are at Vcc = 5 V. 

t- On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH ancl 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or, GND. 
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Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V CC = 5 V, T A = 25°C 

Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



The 'ABT1 6651 is a 16-bit bus transceiver that 
consists of D-type flip-flops and control circuitry 
arranged for multiplexed transmission of data 
directly from the data bus or from the internal 
storage registers. The device can be used as two 
8-bit transceivers or one 1 6-bit transceiver. 



SN54ABT16651 ... WD PACKAGE 
SN74ABT16651 . . . DL PACKAGE 
(TOP VIEW) 



10EABI 
1CLKABI 
1SABI 

gndI 

1A1 I 
1A2 I 

Vccl 

1A3 I 
1A4 I 
1A5 I 

gndI 

1A6 I 
1A7 i 
1A8 
2A1 I 
2A2 
2A3 
GND 
2A4 
2A5 
2A6 

V C C 
2A7 
2A8 
GND 
2SAB 
2CLKAB 
20EAB 



] 15E6A 
] 1CLKBA 
] 1SBA 

]gnd 

] 1B1 
1B2 

V C C 

1B3 

1B4 

1B5 

GND 

1B6 
] 1B7 
] 1B8 
]2B1 
]2B2 
]2B3 
]GND 
]2B4 
]2B5 
]2B6 

]v cc 

]2B7 
]2B8 
]GND 
]2SBA 
] 2CLKBA 
]2UEBA 



Output-enable (OEAB and OEBA) inputs are 
provided to .control the transceiver functions. 
Select-control (SAB and SBA) inputs are provided 
to select whether real-time or stored data is 
transferred. The circuitry used for select control 
eliminates the typical decoding glitch that occurs 
in a multiplexer during the transition between 
stored and real-time data. A low input selects 
real-time data, and a high input selects stored 
data. Figure 1 illustrates the four fundamental 
bus-management functions that can be performed 
with the 'ABT1 6651. 

Data on the A or B data bus, or both, can be stored in the internal D-type flip-flops by low-to-high transitions at 
the appropriate clock (CLKAB or CLKBA) inputs regardless of the select- or enable-control pins. When SAB and 
SBA are in the real-time transfer mod e, it is possible to store data without using the internal D-type flip-flops by 
simultaneously enabling OEAB and OEBA. In this configuration each output reinforces its input. Therefore, 
when all other data sources to the two sets of bus lines are at high impedance, each set of bus lines remain at 
its last state. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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description (continued) 

To ensure the high-impedance state during power up or power down, OEBA should be tied to Vqc through a 
pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver 
(B to A). OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor is 
determined by the current-sou rcing capability of the driver (A to B). 

The SN74ABT16651 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6651 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT1 6651 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


L 


H 


HorL 


HorL 


X 


X 


Input 


Input 


Isolation 


L 


H 


t 


T 


X 


X 


Input 


Input 


Store A and B data 


X 


H 


T 


HorL 


X 


X 


Input 


Unspecifiedt 


Store A, hold B 


H 


H 


t 


T 


X* 


X 


Input 


Output 


Store A in both registers 


L 


X 


HorL 


T 


X 


X 


Unspecifiedt 


Input 


Hold A, store B 


L 


L 


T 


t 


X 


X* 


Output 


input 


Store B in both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


HorL 


X 


H 


Output 


Output 


Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


HorL 


X 


H 


X 


Input 


Output 


Stored A data to B bus 


H 


L 


HorL 


HorL 


H 


H 


Output 


Output 


Stored A data to B bus and 
stored B data to A bus 



t The data output functions may be enabled or disabled by various signals at the OEAB or OEBA inputs. Data input functions are always enabled, 

i.e., data at the bus pins will be stored on every low-to-high transition on the clock inputs. 
$ When select control is low, clocks can occur simultaneously so long as allowances are made for propagation delays from A to B (B to A) plus 

setup and hold times. When select control is high, clocks must be staggered in order to load both registers. 
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I I 
I I 
I I 
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i i 
i i 
i i 



i — i 
i i 
i i 
i i 

J L 



ffi 



t — r 

i i 
i i 
i i 
i i 



< 

CD 



I 1 

I I 
I I 
I I 



I I 
I I 
I I 

I I 



I 1 

I I 

I I 



I I 
I I 
I I 

I I 



OEAB OEBA CLKAB CLKBA SAB SBA 
L L X X X L 

REAL-TIME TRANSFER 
BUS B TO BUS A 




OEAB OEBA CLKAB CLKBA SAB 
H H X X L 

REAL-TIME TRANSFER 
BUS A TO BUS B 



SBA 
X 



/TV m 



OEAB OEBA CLKAB CLKBA SAB SBA 



T X 
X t 
t t 
STORAGE FROM 
A, B, OR A AND B 



OEAB OEBA CLKAB CLKBA SAB SBA 



H 



H or L H or L 



H 



TRANSFER STORED DATA 
TO A AND/ORB 



H 



Figure 1. Bus-Management Functions 
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logic symbolt 



10EBA 
10EAB 
1CLKBA 
1SBA 
1CLKAB 
1SAB 



56 



20EBA 
20EAB 
2CLKBA 
2SBA 
2CLKAB 
2SAB 

1A1 



1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 



2A1 



2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



31 



21 



55 



54 



29 



28 



30 



27 



26 



EN1 [BA] 
EN2 [AB] 

> C3 
G4 

> C5 
G6 

EN7 [BA] 
EN8 [AB] 

> C9 
G10 

> C11 
G12 

*3 



10 



12 



13 



14 



15 



16 



17 



19 



20 



23 



24 



V 1 



>1 



5D 6 



1 6 



4 1 



>1 



2V 



>1 



V7 



11 D 12 



1 12 



10 9D 



10 1 



>1 



8V 



IT 



52 



51 



49 



48 



47 



45 



44 



43 



42 



41 



40 



38 



37 



36 



34 



33 



1B1 



1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
2B1 



2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 



10EBA 



10EAB 
1CLKBA 



1SBA 
1CLKAB- 



54 



1SAB- 



1A1- 



20EBA 



20EAB 
2CLKBA 



2SBA 
2CLKAB - 



31 



2SAB " 



2A1 



15 



> 



1 of 8 Channels 




1D 

>C1 



1D 

C1< 




To Seven Other Channels 



{> 



5^ 



1 of 8 Channels 




1D 

*C1 



1D 

C1<h 



v 

To Seven Other Channels 



52 



1B1 




UJ 

> 

UJ 

oc 

Q. 
I- 

o 

o 
o 

oc 

CL 



42 



2B1 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc ■ ■ ■ • ~0- 5 V to 7 V 

Input voltage range, Vj (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq • -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16651 96 mA 

SN74ABT16651 128 mA 

Input clamp current, l|K ( v i < 0) -18 mA 

Output clamp current, Iqk ( v O < °) • ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range — — -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT16651 


SN74ABT16651 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16651 


SN74ABT16651 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4 -5V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4.5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 v . Ioh = " 3 mA 


3 


3 


3 


Vcc = 45 v > 'OH = - 24 mA 


2 


2 




Vcc = 4.5 V, 'OH = " 32 mA 


2t 




2 


vol 


Vcc = 4.5 V, l 0 L = 48mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55+ 




0.55 


ii 


V C C = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


>OZH § 


Vcc = 5.5 V, Vq = 2.7V 


50 


50 


50 


HA 


'OZL § 


Vcc = 5-5V, Vo = 0.5V 


-50 


-50 


-50 


uA 


•off 


Vcc = °. V|orVQ<4.5V 


±100 




±100 


uA 


>CEX 


Vcc = 5 -5 V, Vo = 5.5 V Outputs high 


50 


50 


50 


uA 


ion 


VCC = 5-5 V, Vo = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


Vcc = 5-5 V, 

io = o, 

V| = Vcc o r GND 


A or B 
ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


72 


72 


30 


Outputs disabled 


2 


2 


2 


Alcc # 


Vcc = 5.5 V, One 
input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data 
inputs 


Outputs enabled 


1 


1.5 


1 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Ci 


V| = 2.5 V or 0.5 V 


Control inputs 








PF 




Vq = 2.5 V or 0.5 V 


A or B ports 








PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH ar| d 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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I • Members of the Texas Instruments SN54ABT16652 . . . wd package 

I Widebus™ Family SN74ABT16652 . . . dl package 

I 7 (TOP VIEW) 

I • State-of-the-Art EPIC-llB™ BiCMOS Design 
I Significantly Reduces Power Dissipation 

[ • Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

• Distributed Vqq and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

• Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 

description 

The 'ABT16652 is a 16-bit bus transceiver that 
consists of D-type flip-flops and control circuitry 
arranged for multiplexed transmission of data 
directly from the data bus or from the internal 
storage registers. The device can be used as two 
8-bit transceivers or one 1 6-bit transceiver. 

Output-enable (OEAB and OEBA) inputs are 
provided to control the transceiver functions. 
Select-control (SAB and SBA) inputs are provided 
to select whether real-time or stored data is 
transferred. The circuitry used for select control 
eliminates the typical decoding glitch that occurs 
in a multiplexer during the transition between stored and real-time data. A low input selects real-time data, and 
a high input selects stored data. Figure 1 illustrates the four fundamental bus-management functions that can 
be performed with the 'ABT1 6652. 

Data on the A or B data bus, or both, can be stored in the internal D-type flip-flops by low-to-high transitions at 
the appropriate clock (CLKAB or CLKBA) inputs regardless of the select- or enable-control pins. When SAB and 
SBA are in the real-time transfer mod e, it is possible to store data without using the internal D-type flip-flops by 
simultaneously enabling OEAB and OEBA. In this configuration each output reinforces its input. Therefore, 
when all other data sources to the two sets of bus lines are at high impedance, each set of bus lines remain at 
its last state. 

To ensure the high-impedance state during power up or power down, OEBA should be tied to Vcc through a 
pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver 
(B to A). OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor is 
determined by the current-sourcing capability of the driver (A to B). 

The SN74ABT16652 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 



10EAB 


[ 


1 


J 

56 


] 10EBA 


1 CLKAB 


[ 


2 


55 


] 1 CLKBA 


1SAB 


[ 


3 


54 


] 1SBA 


GND 


t 


4 


53 


]GND 


1A1 


r 
[ 


5 


52 


] 1B1 


1A2 


[ 


6 


51 


] 1B2 


v C c 


[ 


7 


50 


]v cc 


1A3 


[ 


8 


49 


] 1B3 


1A4 


[ 


9 


48 


] 1B4 


1A5 


[ 


10 


47 


] 1B5 


GND 


[ 


11 


46 


]GND 


1A6 


[ 


12 


45 


] 1B6 


1A7 


r 
L 


13 


44 


] 1B7 


1A8 


[ 


14 


43 


] 1B8 


2A1 


[ 


15 


42 


]2B1 


2A2 


[ 


16 


41 


]2B2 


2A3 


[ 


17 


40 


]2B3 


GND 


[ 


18 


39 


] GND 


2A4 


r 
L 


19 


38 


J 2B4 


2A5 


[ 


20 


37 


]2B5 


2A6 


[ 


21 


36 


]2B6 


v C c 


[ 


22 


35 


]v cc 


2A7 


[ 


23 


34 


]2B7 


2A8 


[ 


24 


33 


]2B8 


GND 


[ 


25 


32 


] GND 


2SAB 


[ 


26 


31 


]2SBA 


2CLKAB 


[ 


27 


30 


] 2CLKBA 


20EAB 


[ 


28 


29 


] 20EBA 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
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description (continued) 

The SN54ABT1 6652 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6652 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA l/Ot 


UrcnAllUN UK rUIMi/llUN 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


L 


H 


L 


L 


X 


X 


Input 


Input 


Isolation 


L 


H 


T 


t 


X 


X 


Input 


Input 


Store A and B data 


X 


H 


T 


L 


X 


X 


Input 


Unspecified* 


Store A, hold B 


H 


H 


T 


T 


xt 


X 


Input 


Output 


Store A in both registers 


L 


X 


L 


T 


X 


X 


Unspecified* 


Input 


Hold A, store B 


L 


L 


T 


t 


X 


xt 


Output 


Input 


Store B in both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


L 


X 


H 


Output 


Input 


Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


L 


X 


H 


X 


Input 


Output 


Stored A data to B bus 


H 


L 


L 


L 


H 


H 


Output 


Output . 


Stored A data to B bus and 
stored B data to A bus 



t The data output functions may be enabled or disabled by a variety of level combinations at the OEAB or OEBA inputs. Data input functions are 

always enabled; i.e., data at the bus pins is stored on every low-to-high transition on the clock inputs. 
$ Select control = L; clocks can occur simultaneously. 

Select control = H; clocks must be staggered in order to load both registers. 
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Figure 1 . Bus-Management Functions 
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logic symbolt 



10EBA 
10EAB 
1CLKBA 
1SBA 
1CLKAB 
1SAB 



20EBA 
20EAB 
2CLKBA 
2SBA 
2CLKAB 
2SAB 

1A1 



1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 



2A1 



2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



56 



55 



54 



29 



28 



30 



31 



27 



26 



10 



12 



13 



14 



15 



16 



17 



19 



20 



21 



23 



24 



EN1 [BA] 
EN2 [AB] 

> C3 
G4 

> C5 
G6 

EN7 [BA] 
EN8 [AB] 

> C9 
G10 

> C11 
G12 

3 



>1 



V 1 



5D 6 



1 6 



3D 



4 1 



>1 



2V 



>1 



V7 



11D 12 



1 12 



10 9D 



10 1 



>1 



8V 



52 



51 



49 



48 



47 



45 



44 



43 



42 



41 



40 



38 



37 



36 



34 



33 



1B1 



1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
2B1 



2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 



10EBA ~^C^- 




To Seven Other Channels 



20EBA ~^C^ 




To Seven Other Channels 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc ■ • • -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq . -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16652 96 mA 

SN74ABT16652 128 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■■• ■ -50mA 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

recommended operating conditions (see Note 2) 







SN54ABT16652 


SN74ABT16652 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 85 


°c 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T/^ = 25°C 


SN54AB T 1 6652 


CKI7>I * DTI CCCO 

5N74ABT1 6652 


UNIT 


MIN TYrl MAX 


MIKI ||AV 

MIN MAX 


MIKI MAY 

MIN MAX 


V IK 


Vcc = 4 -5V, l| = -18mA 


—1 .2 


—1 .2 


—1 .2 


V 


V 0 H 


V C C = 4.5 V, IOH = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = - 3 mA 


3 


3 


3 


Vcc = 4.5 V, Iqh = - 24 mA 


2 


2 




Vcc = 4.5 V, lOH = - 32 mA 


ot 




o 
c. 


vol 


Vcc = 4-5V, IOL = 48mA 


0.55 


U.OO 




V 


Vcc = 4.5 V, IOL = 64mA 


0.55$ 




0.55 


h 


V C C = 5-5V, 
V| = V C C or GND 


Control inputs 


±1 


±1 


±1 


uA 


A or B ports 


+20 


±20 


±20 


'OZH§ 


Vcc = 5-5 V, V 0 = 2.7 V 


10 


10 


10 


uA 


"OZL § 


V C C = 55 V, Vq = 0.5 V 


-10 


-10 


-10 


uA 


'off 


Vcc = °» v i or Vq ^ 4.5 V 


±100 




±100 


HA 


'CEX 


Vcc = 5-5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


uA 


lO 11 


Vcc = 5 5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o, 

V| = Vcc or 
GND 


A or B 
ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


AI C C # 


V C C = 5-5V, 
One input at 
3.4 V, 

Other inputs at 
Vcc or GND 


Data 
inputs 


Outputs enabled 


50 


50 


50 


uA 


Outputs disabled 


50 


50 


50 


Control inputs 


50 


50 


50 


Cj 


V| = 2.5Vor 0.5 V 


Control inputs 


4 






PF 




Vq = 2.5 V or 0.5 V 


A or B ports 


8 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§The parameters lozH ancJ 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5V, 
Ta = 25°C 


SN54ABT16652 


SN74ABT16652 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 




fclock Clock frequency 


0 125 


0 125 


0 125 


MHz 


t w Pulse duration, CLK high or low 


4.3 


4.3 


4.3 


ns 


t su Setup time, A or B before CLKABt or CLKBAt 


3 


4 


3 


ns 


t n Hold time, A or B after CLKABt or CLKBAt 


0 


0.5 


0 


ns 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT16652 


SN74ABT16652 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 






125 


125 


125 


MHz 


tPLH 


CLK 


BorA 


1.5 


3.1 


4 


1 


5 


1.5 


4.9 


ns 


tPHL 


1 .5 


o.tL 


4.1 


1 


5 


1.5 


4.7 


tPLH 


AorB 


Bor A 




2.3 


3.2 


0.6 


4 


1 3.9 


ns 


tPHL 




3 


4.1 


0.6 


4.9 


1 4.6 


tPLH 


SAB or SBAt 


BorA 




2.9 


4.3 


0.6 


5.3 


1 5 


ns 


tPHL 




3.1 


4.3 


0.6 


5.3 


1 5 


tpZH 


OEBA 


A 




2.8 


4.1 


0.6 


5.2 


1 5 


ns 


tPZL 


1.5 


3.1 


4.4 


1 


5.4 


1.5 


5.3 


tPHZ 


OEBA 


A 


1.5 


3.4 


4.4 


0.8 


5.3 


1.5 


4.9 


ns 


tPLZ 


1.5 


2.7 


3.6 


1 


5.3 


1.5 4 


tpZH 


OEAB 


B 


1 


2.6 


3.6 


0.8 


4.7 


1 


4.2 


ns 


*PZL 


1.5 


2.8 


3.9 


1 


5 


1.5 


4.6 


tPHZ 


OEAB 


B 


2 


4.2 


5.5 


1 


6.4 


2 


5.9 


ns 


tPLZ 


1.5 


3.4 


4.5 


1 


5.9 


1.5 


5.2 



t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



50012 



500 Q 



o 7V 
o Open 

P GND 



TEST 


S1 


*PLH*PHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 ^1.5v" 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
0V 



Timing Input 



Data Input 



1.5 V 



*su 



th 



3V 
0V 



3V 
V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpzL -*j k- 



tPLZ-^j ^~ 



\l.5V Y 



*PZH -*| |<- 



| tpHZ->l j«- 



V O H-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

~0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN54ABT16657, SN74ABT16657 
16-BIT TRANCEIVERS WITH PARITY GENERATORS/CHECKERS 

AND 3-STATE OUTPUTS 



SCBS103 - D3983, FEBRUARY 1992 - REVISED JUNE 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
<1 VatV C c = 5V,T A = 25°C 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA \ 0H , 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16657 ... WD PACKAGE 
SN74ABT16657 . . . DL PACKAGE 
(TOP VIEW) 



10E[ 
NC [ 
1ERR[ 

gnd[ 

1A1 [ 
1A2[ 

v C c[ 

1A3[ 
1A4[ 
1A5[ 

gndC 

1A6p12 
13 
14 



1A7[ 
1A8[ 
2A1 [ 15 
2A2[ 16 
2A3 [ 17 
GND[ 18 
2A4 [ 19 
2A5[|20 
21 
22 
23 
24 
25 
26 
27 
28 



2A6[ 

v C c[ 

2A7[ 
2A8[ 
GND [ 
2ERR[ 
NC[ 
20E[ 



T7 



56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 



1T/R 

1 0DD/EVEN 

1 PARITY 

GND 

1B1 

1B2 

V C C 
1B3 
1B4 
1B5 
GND 
1B6 
1B7 
1B8 
2B1 
2B2 
2B3 
GND 
2B4 
2B5 
2B6 

V C C 
2B7 
2B8 
GND 
2PARITY 



20DD/EVEN 
2T/R 



The 'ABT1 6657 contains two noninverting octal 
transceiver sections with separate parity 
generator/checker circuits and control signals. For 
either section, the transmit/receive (1 T/R or 2T/R) 
input determines the direction of data flow. When 
1T/R (or 2T/R) is high, data flows from the 1 A (or 
2A) port to the 1B_(or 2B) port (transmit mode); 
when 1 T/R (or 2T/R) is low, data flows from the 1 B 
(or 2B) port to the 1 A (or 2A) port (receive mode). 
When the output-enable (10E or 20E) input is 
high, both the 1 A (or 2A) and 1 B (or 2B) ports are 
in the high-impedance state. 

Odd or even parity is selected by a logic high or low level, respectively, on the 1 0DD/EVEN (or 20DD/EVEN) 
input. 1 PARITY (or 2PARITY) carries the parity bit value; it is an output from the parity generator/checker in the 
transmit mode and an input to the parity generator/checker in the receive mode. 

In the transmit mode, after the 1A (or 2A) bus is polled to determine the number of high bits, 1 PARITY (or 
2PARI TY) is s et to the logic level that main tains th e parity sense selected by the level at the 1 0DD/EVEN (or 
20DD/EVEN) input. For example, if 1 0DD/EVEN is low (even parity selected) and there are five high bits on 
the 1 A bus, then 1 PARITY is set to the logic high level so that an even number of the nine total bits (eight 1 A-bus 
bits plus parity bit) are high. 

In the receive mode, after the 1 B (or 2B) bus is polled to determine the number of high bits, the 1 ERR (or 2ERR) 
output lo gic lev el indicates whether or not the data to be received exhibits the correct parity sense. For example, 
if 1 0D D/EVEN is high (odd parity selected), 1 PARITY is high, and there are three high bits on the 1 B bus, then 
1 ERR is low, indicating a parity error. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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SN54ABT16657, SN74ABT16657 

16-BIT TRANCEIVERS WITH PARITY GENERATORS/CHECKERS 
AND 3-STATE OUTPUTS 

SCBS1 03 - D3983, FEBRUARY 1 992 - REVISED JUNE 1 992 

description (continued) 

The SN74ABT16657 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6657 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6657 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 8-bit section) 



NUMBER OF A OR R 


INPUTS 


INPUT/OUTPUT 


OUTPUTS 


INPUTS THAT ARE HIGH 


OE 


T/R 


ODD/EVEN 


PARITY 


ERR 


OUTPUT MODE 




L 


H 


H 


H 


Z 


Transmit 




L 


H 


L 


L 


z 


Transmit 




L 


L 


H 


H 


H 


Receive 


0,2,4,6,8 














L 


L 


H 


L 


L 


Receive 




L 


L 


L 


H 


L 


Receive 




L 


L 


L 


L 


H 


Receive 




L 


H 


H 


L 


Z 


Transmit 




L 


H 


L 


H 


z 


Transmit 




L 


L 


H 


H 


L 


Receive 


1,3,5,7 














L 


L 


H 


L 


H 


Receive 




L 


L 


L 


H 


H 


Receive 




L 


L 


L 


L 


L 


Receive 


Don't care 


H 


X 


X 


Z 


Z 


Z 
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logic symbolt 



10E 
1T/R 

1 0DD/EVEN 
20E 
2T/R 

20DD/EVEN 

1A1 

1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 



2A1 

2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



30 



10 



12 



13 



14 



15 



16 



17 



19 



20 



21 



23 



24 



56 


k IN 






55 




28 


IN 


29 


i IN 



G3 

3 EN1/3G5 [REC] 
3 EN2 [XMIT] 
N4 
G8 



8EN6/8G10[REC] 
8 EN7 [XMIT] 
N9 



11 



18 



V 1 



Z11 



V 6 



Z21 



21 



28 



2V 



2k 



4,2 V 
5 

4,1V 



7V 



2k 



9,7 V 
10 

9,6 V 



< ► 



52 



51 



49 



48 



47 



45 



44 



43 



54 



42 



41 



40 



38 



37 



36 



34 



33 



31 



26 



1B1 

1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 

1 PARITY 

1ERR 
2B1 

2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 

2PARITY 
2ERR 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 3-1 59 



SN54ABT16657, SN74ABT16657 

16-BIT TRANCEIVERS WITH PARITY GENERATORS/CHECKERS 
AND 3-STATE OUTPUTS 

SCBS1 03 -D3983, FEBRUARY 1992 -REVISED JUNE 1992 

logic diagram, each transceiver (positive logic) 

T/R 



OE- 
A1 " 



A2 



A3- 



A4- 



A5- 



A6- 



A7- 



A8- 



ODD/EVEN 



W 7 - 



B1 



B2 



B3 



B4 



B5 



B6 



B7 



B8 



> 








r 






>— 








PARITY 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT16657 96 mA 

SN74ABT16657 128 mA 

Input clamp current, Iik (V| < 0) , . -18 mA 

Output clamp current, Iqk (V<D < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT16657 


SN74ABT16657 


UNIT 






MIN MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 $6 


4.5 


5.5 


V 


V'lH 


High-level input voltage 


2 -if' 


2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V| 


Input voltage 


0u Vcc 


0 


vcc 


V 


'OH 


High-level output current 


/\" -24 


-32 


mA 


'OL 


Low-level output current 


C" 48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


— ^ 


10 


ns/V 


T A 


Operating free-air temperature 


-55 125 


-40 


85 


°c 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or 
design " ' " " " ' " " ' 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T/y = 25°C 


SN54ABT1 6657 


SN74ABT16657 


UNIT 


MIN TYPT MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1-2 


V 


V 0 H 


Vcc = 4-5 V, Iqh = -3 mA 


2.5 


2.5 




V 


VcC = 5V, Iqh = -3 mA 


3 


3 


3 


Vcc = 4-5 V, Iqh = -24 mA 


2 


2 




Vcc = 4.5 V, Iqh = -32 mA 


2* 




2 


vol 


Vcc = 4.5 V, Iql = 24 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5.5 V, 
V| = V C c or GND 


Control inputs 


±1 


±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


'OZH* 


VCC = 5.5 V, Vo = 2.7 V 


50 


50 


50 


|iA 


'OZL* 


V C C = 5.5 V, V 0 = 0.5 V 


-50 


-50 


-50 


uA 


'off 


Vcc = 0. v | or Vo < 4.5 V 


±100 


±450 


±100 


^iA 


'CEX 


V C C = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


uA 


l 0 § 


Vcc = 5.5 V, V 0 = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o, 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


36 


36 


36 


Outputs disabled 


2 


2 


2 


AlcC 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


50 


50 


50 


uA 


Cj 


V| = 2.5 Vor 0.5 V 


Control inputs 


3 






PF 


Qo 


Vq = 2.5 V or 0.5 V 


A or B ports 


9 






pF 



t All typical values are at Vcc = 5 V. 

t The parameters lozH ancl 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
* On products compliant to MIL-STD-883, Class B, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5V, 
Ta = 25°C 


SN54ABT16657 


SN74ABT16657 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tpm 


A or B 


B or A 


1.5 


2.5 


3.3 


1.5 


4.2 


1.5 


4.1 


ns 


tpHL 


2 


3.1 


3.9 


2 


4.5 


2 


4.3 


tpi_n 


A 


PARITY 


2 


4.6 


5.4 


2 


7 


2 


6.7 


ns 


tPHL 


2 


4.3 


5.1 


2 


6.5 


2 


6.1 


tp|_H 




PARITY, ERR 


2 


4.6 


5.4 


2 


j*?— 


2 


6.7 


ns 


tpm_ 


ODD/EVEN 


2 


4.3 


5.1 


2 




2 


6.1 


tpi_H 


B 


ERR 


2 


4.6 


5.4 


2 


& 7 


2 


6.7 


ns 


tpHL 


2 


4.3 


5.1 


2/T 6.5 


2 


6.1 


tpi_H 


PARITY 


ERR 


2 


4.6 


5.4 




2 


6.7 


ns 


tpHL 


2 


4.3 


5.1 


f? 2 


6.5 


2 


6.1 


tPZH 


OE 


A or B 


2 


3.9 


4.9 


€ 2 


5.8 


2 


5.6 


ns 


tPZL 


2.5 


4.3 


5.1 


2.5 


6.2 


2.5 


6 


tPHZ 


OE 


A or B 


2 


3.6 


4.5 


2 


5.5 


2 


5.4 


ns 


tPLZ 


1.5 


3 


3.8 


1.5 


4.7 


1.5 


4.3 


tPZH 


OE 


PARITY, ERR 


2 


4 


4.9 


2 


5.8 


2 


5.6 


ns 


tpZL 


2.5 


4.1 


5.1 


2.5 


6.2 


2.5 


6 


tPHZ 


OE 


PARITY, ERR 


1 


3.5 


4.5 


1 


5.5 


1 


5.4 


ns 


tPLZ 


1.5 


3 


3.8 


1.5 


4.7 


1.5 


4.3 



product preview information concerns products in tne formative or — 
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SN54ABT16657, SN74ABT16657 

16-BIT TRANCEIVERS WITH PARITY GENERATORS/CHECKERS 
AND 3-STATE OUTPUTS 

SCBS103-D3983, FEBRUARY 1992 -REVISED JUNE 1992 

PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

CL = 50pF 
(see Note A) 



500 Q 

-AAV- 



SI 



500 a 



p 7v 

O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



— y y — 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



leu I 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3 V 
0V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



c o 0 r ZyEED^L 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL W- | 

| tpLZ-^ |«~ 

\l.5V V 

\ | / VQL + 0-3V 

| tpHZ"^ |<- 



3 V 
0V 

3.5 V 

vol 



tpZH ->| |4- 



\ A 4_ 



^rv VoH 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16821, SN74ABT16821 
20-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D4512, JUNE 1992 - REVISED OCTOBER 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA I 0 h> 
64-itiAIol) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16821 ... WD PACKAGE 
SN74ABT16821 . . . DL PACKAGE 
(TOP VIEW) 



10E[ 
1Q1 [ 
1Q2[ 
GND[ 
1Q3[ 
1Q4[ 

v C c[ 

1Q5[ 
1Q6[ 
1Q7[ 10 
GND[ 11 
1Q8[ 12 
1Q9[ 13 
1Q10[ 14 
2Q1 [ 15 
2Q2[ 16 
2Q3[ 17 
GND [ 18 
2Q4[ 19 
2Q5 [ 20 
2Q6 [ 21 
V C C [ 22 
2Q7 [ 23 
2Q8 [ 24 
GND [ 25 
2Q9 [ 26 
2Q10 [ 27 
20E[28 



51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 



56 ]1CLK 
55 ]1D1 
54 ]1D2 
53 ]GND 
52 ]1D3 
]1D4 

]V CC 
]1D5 
]1D6 
]1D7 
] GND 
]1D8 
]1D9 
]1D10 
]2D1 
]2D2 
]2D3 
] GND 
]2D4 
]2D5 
]2D6 

]V CC 
]2D7 

]2D8 
]GND 
]2D9 
]2D10 
]2CLK 



These 20-bit flip-flops feature 3-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing wider buffer 
registers, I/O ports, bidirectional bus drivers with 
parity, and working registers. 

The 'ABT16821 can be used as two 10-bit 
flip-flops or one 20-bit flip-flop. The twenty 
flip-flops are edge-triggered D-type flip-flops. On 
the positive transition of the clock (CLK) input, the 
device provides true data at the Q outputs. 

A buffered output-enable (OE) input can be used to place the ten outputs in either a normal logic state (high or 
low level) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive the bus 
lines significantly. The high-impedance state and increased drive provide the capability to drive bus lines without 
need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operation of the flip-flops. Old data can be retained 
or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16821 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6821 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6821 is characterized for operation from -40°C to 85°C. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION . Copyright © 1992, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to — . 

specifications per the terms of Texas Instruments standard warranty. wVW TcVAC 

Production processing does not necessarily include testing of all \j I r-.X/A^ 
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SN54ABT16821, SN74ABT16821 
20-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D4512, JUNE 1992 - REVISED OCTOBER 1992 



logic symbolt 



10E 
1CLK 

20E 
2CLK 

1D1 
1D2 
1D3 
1D4 
1D5 
1D6 
1D7 
1D8 
1D9 

1D10 
2D1 
2D2 
2D3 
2D4 
2D5 
2D6 
2D7 
2D8 
2D9 

2D10 



56 



28 



29 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 
Q 


OE 


CLK 


D 


L 


t 


H 


H 


L 


T 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


z 



EN2 

[> C1 
EN4 
> C3 



55 


1D 2V 


2 


54 


3 




52 




5 




51 




6 




49 


8 




48 


9 




47 




10 




45 


12 




44 




13 




43 


14 




42 


15 


3D 4V 


41 


16 




40 


17 




38 


19 




37 


20 




36 


21 




34 


23 




33 




24 




31 




26 




30 




27 









1Q1 

1Q2 

1Q3 

1Q4 

1Q5 

1Q6 

1Q7 

1Q8 

1Q9 

1Q10 

2Q1 

2Q2 

2Q3 

2Q4 

2Q5 

2Q6 

2Q7 

2Q8 

2Q9 

2Q10 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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SN54ABT1 6821 , SN74ABT1 6821 
20-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D4512, JUNE 1992 - REVISED OCTOBER 1992 



logic diagram (positive logic) 



1CLK- 



56 



1D1 



55 



1 of 10 
Channels 



C1 



1D 



1Q1 



V 

To Nine Other Channels 



20E- 



28 



2CLK- 



29 



2D1 



42 



1 of 10 
Channels 



> C1 
1D 



-CP 



15 



2Q1 



V 

To Nine Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc -0-5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16821 96 mA 

SN74ABT16821 128 mA 

Input clamp current, I|k (V| < 0) .. -18 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air) 1 W 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT1 6821 , SN74ABT1 6821 
20-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D451 2, JUNE 1 992 - REVISED OCTOBER 1 992 



recommended operating conditions (see Note 2) 







CMC/I A DTI CQOH 


SN74ABT16821 


UNIT 






M1M MAV 
MIN MAX 


MIN 


MAX 


V CC 


Supply voltage 


4.5 ,5:5 


4.5 


5.5 


v 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 


— • — 

0.8 


0.8 


V 


V| 


Input voltage 


Vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25 ° c 


olMo4Ab 1 1 OoZ 1 


ON 7 4AH I 1 DO£l 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


V 0 H 


V C C = 4.5 V, IOH = ~3mA 


2.5 


2.5 


2.5 


V 


VcC = 5V, l 0 H=-3mA 


3 


3 


3 


Vcc = 4.5 V, l0H = -24mA 


2 


2 




Vcc = 4.5 V, loH = -32mA 


2t 




2 


vol 


V C C = 4.5 V, l 0 L = 48mA 


0.55 


0.55^ 




V 


V C C = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


Vcc = 5.5 V, V| = Vcc or GND 


±1 


; ±1 


±1 


uA 


'OZH 


V C C = 5.5 V, V 0 = 2.7 V 


50 


50 


50 


uA 


lOZL 


V C C = 5.5 V, V 0 = 0.5 V 


-50 


-50 


-50 


uA 


•off 


Vcc = 0, V|orVQ<4.5V 


±100 




±100 


uA 


'CEX 


V C C = 5-5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


HA 


io § 


VCC = 5.5 V, Vq = 2.5 V 


-50 -100 -200 


-50 -200 


-50 -200 


mA 


'cc 


V C C = 5.5 V, 'O = 0, 
V| - V C c °r GND 


Outputs high 


500 


500 


500 




Outputs low 


89 


89 


89 


mA 


Outputs disabled 


500 


500 


500 


uA 


Alec 11 


Vcc = 5.5 V, * One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


15 


mA 


Q 


V| = 2.5 V or 0.5 V 


3.5 






PF 


Co 


Vq = 2.5 V or 0.5 V 


7.5 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PRODUCT PREViEW information concerns products in ihe formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT1 6821 , SN74ABT1 6821 
20-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D4512, JUNE 1992 - REVISED OCTOBER 1992 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





VCC = 5V, 
T A = 25°C 


SN54ABT16821 


SN74ABT16821 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


f clock Clock frequency 


0 150 


0 f Vl50 


0 150 


MHz 


t w Pulse duration, CLK high or low 


3.3 




3.3 


ns 


t su Setup time, data before CLKT 


1.8 




1.8 


ns 


t n Hold time, data after CLKt 


1.3 


1.3 


1.3 


ns 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABT16821 


SN74ABT16821 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 






150 


150 


150 


MHz 


tPLH 


CLK 


Q 


1.3 


3.7 


5.1 


1.3 


6.7 


1.3 


6.1 


ns 


tPHL 


1.6 


3.9 


5.1 


1.6 


5.8 


1.6 


5.4 


tpZH 


OE 


Q 


1.1 


3.2 


4.7 




5.8 


1.1 


5.7 


ns 


tpZL 


1.6 


3.8 


5 


t.6 5.7 


1.6 


5.6 


tPHZ 


OE 


Q 


2 


4.5 


5.7 


2 


6.6 


2 


6.5 


ns 


tPLZ 


1.8 


4.1 


5.8 


1.8 


8.4 


1.8 


7.1 



PRODUCT PREVIEW information concerns products in the formative or m 

design phase of development. Characteristic data and other ^KK% _ 

specifications are design goals. Texas Instruments reserves the right to Tr>v A O 
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SN54ABT16821 , SN74ABT1 6821 
20-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

D451 2, JUNE 1 992 - REVISED OCTOBER 1 992 



PARAMETER MEASUREMENT INFORMATION 



From Output ^ 

Under Test 

Cl = 50 pF 
(see Note A) 



500 Q 

-AAA/ — 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ^PZL 
tPHZ'tPZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



... 1.5 V 
|\ 



} (l.5V ) (jT7 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
OV 



Input 
(see Note B) 



Output 



Output 



1.5 V 



tPLH-J^ ►! 



,5V | 



tPHL 
1.5 V 



tPHL Hi ►! '^-^htPLH 



3V 
OV 

V 0 H 

vol 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpzL -*! k- 



tpZH" 



, m vol + Q-3V 



3V 
0V 

3.5 V 

vol 



tpHZ-^ |4- 



yi. 5 y \^oh-° 



^- ^3- v V OH 



« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16823, SN74ABT16823 
18-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JANUARY 1993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-lIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
Distributed Vqc and GND Pm Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA I 0 h> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT16823 ... WD PACKAGE 
SN74ABT16823 . . . DL PACKAGE 
(TOP VIEW) 



description 



ini r r 


1 U 


DO 


1 1fil K 

J 1 wLI\ 


iof r 


o 

<s 


00 


1 1HI KFN 




o 
o 


04 


] 1 D1 


GND [ 


A 
** 


DO 


] GND 


10P r 


c 
O 


D^ 


] 1D2 


im r 


6 


D I 


] 1D3 


V CC L 


( 


OU 


J V CC 


104 r 


o 
o 


4y 


] 1 D4 


10^ r 


Q 


Aft 


] 1 D5 


ioR r 

1 WD L 


in 


4/ 


1 1DR 


GND [ 


11 


Aft 
40 


] GND 


1Q7 [ 


1? 


4*5 


] 1D7 


10ft r 


IO 


44 


] 1 D8 


ioq r 

1 W57 L 


14 


40 


] 1D9 


poi r 

c\j. i L 


1 c: 


42 


]2D1 


2Q2 [ 


IO 


41 


]2D2 


2Q3 [ 


■jy 


40 


]2D3 


GND [ 


18 


39 


]GND 


2Q4[ 


19 


38 


]2D4 


2Q5[ 


20 


37 


]2D5 


2Q6[ 


21 


36 


]2D6 


v CC [ 


22 


35 


]v C c 


2Q7[ 


23 


34 


]2D7 


2Q8[ 


24 


33 


]2D8 


GND[ 


25 


32 


] GND 


2Q9[ 


26 


31 


]2D9 


20E[ 


27 


30 


] 2CLKEN 


2CLR[ 


28 


29 


]2CLK 



These 18-bit flip-flops feature 3-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing wider buffer 
registers, I/O ports, bidirectional bus drivers with 
parity, and working registers. 

The 'ABT1 6823 can be used as two 9-bit flip-flops 
or one 18-bit flip-flop. With the clock-enable 

(CLKEN) input low, the D-type flip-flops enter data 

on the low-to-high transit ions of the clock. Taking CLKEN high disables the clock buffer, thus latching the 
outputs. Taking the clear (CLR) input low causes the Q outputs to go low independently of the clock, 

A buffered output-enable (OE) input can be used to place the nine outputs in either a normal logic state (high 
or low level) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive the bus 
lines significantly. The high-impedance state and increased drive provide the capability to drive bus lines without 
need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operation of the flip-flops. Old data can be retained 
or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16823 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6823 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT16823 is characterized for operation from -40°C to 85°C. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCTION DATA Information is current as of publication date. — Copyright © 1993, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments 

standard warranty. Production processing does not necessarily include ^Pl*9 TVv A C - 

testing of all parameters. \j 
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SN54ABT16823, SN74ABT16823 
18-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED JANUARY 1 993 



logic symbolt 



10E 
1CLR 
1CLKEN 
1CLK 

20E 
2CLR 



2CLKEN 
2CLK 

1D1 
1D2 
1D3 
1D4 
1D5 
1D6 
1D7 
1D8 
1D9 
2D1 
2D2 
2D3 
2D4 
2D5 
2D6 
2D7 
2D8 
2D9 



55 



56 



27 



28 



29 



FUNCTION TABLE 
(each 9-bit stage) 



INPUTS 


OUTPUT 


OE 


CLR 


CLKEN 


CLK 


D 


Q 


L 


L 


X 


X 


X 


L 


L 


H 


L 


t 


H 


H 


L 


H 


L 


t 


L 


L 


L 


H 


L 


L 


X 


QO 


L 


H 


H 


X 


X 


Qo 


H ( 


X 


X 


X 


X 


Z 



EN1 
R2 



G3 

> 3C4 

EN5 

R6 



G7 

> 7C8 



54 


4D 1,2 V 


3 


52 


5 




51 




6 




49 




8 




48 




9 




47 


10 




45 




12 




44 


13 




43 




14 




42 




15 


8D 5, 6 V 


41 


16 




40 




17 




38 


19 




37 




20 




36 




21 




34 




23 




33 


24 




31 


25 









1Q1 
1Q2 
1Q3 
1Q4 
1Q5 
1Q6 
1Q7 
1Q8 
1Q9 
2Q1 
2Q2 
2Q3 
2Q4 
2Q5 
2Q6 
2Q7 
2Q8 
2Q9 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 



1CLR 



1CLKEN 



55 



1CLK- 



56 



1D1 



54 



CE 
R 

> C1 
1D 



1Q1 



To Eight Other Channels 



20E 



2CLR 



27 



28 



2CLKEN 



30 



2CLK- 



29 



2D1 



42 



▼ • ▼ 

\ 



CE 
R 

> C1 
1D 



15 



2Q1 



v 

To Eight Other Channels 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc ■ -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16823 96 mA 

SN74ABT1 6823 1 28 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range -65°Cto150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT16823, SN74ABT16823 
18-BIT BUS-INTERFACE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 



recommended operating conditions (see Note 2) 







SN54ABT16823 


SN74ABT16823 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


•oh 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16823 


SN74ABT16823 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4 -5V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V CC = 45 V, lOH = - 3 mA 


2.5 


2.5 


2.5 


V 


VCC = 5V, ! 0 h = ~3mA 


3 


3 


3 


Vcc = 4.5 V, Iqh =~24 mA 


2 


2 




Vcc = 4.5 V, IOH = ~32mA 


2* 




2 


vol 


Vcc = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


»i 


Vcc = 5.5 V, V| = VccorGND 


±1 


±1 


±1 


uA 


'OZH 


Vcc = 5.5 V, Vo = 2.7V 


50 


50 


50 


uA 


"OZL 


Vcc = 5.5 V, Vo = 0.5V 


-50 


-50 


-50 


uA 


•off 


V CC = °. V|orVQ<4.5V 


±100 




±100 


liA 


'CEX 


Vcc = 5.5 V, V 0 = 5.5 V Outputs high 


50 


50 


50 




io § 


VcC = 5.5V, V 0 = 2.5V 


-50 -100 -200 


-50 -200 


-50 -200 


mA 


■cc 


V C C = 5.5 V, l O = 0, 
V| - Vcc or GND 


Outputs high 


0.5 


0.5 


0.5 


mA 


Outputs low 


80 


80 


80 


Outputs disabled 


0.5 


0.5 


0.5 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5Vor 0.5 V 


3.5 






PF 


Co 


Vq = 2.5 V or 0.5 V 


7.5 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5V, 
T A = 25°C 


SN54ABT16823 


& HIT A A BIT"* I^AAO 

SN74ABT1 6823 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 150 


0 150 


0 150 


MHz 


t w Pulse duration 


CLR low 


3.3 


3.3 


3.3 


ns 


CLK high or low 


3.3 


3.3 


3.3 


t su Setup time before CLKt 


CLR inactive 


1.6 


2 


1.6 


ns 


Data 


1.7 


1.7 


1.7 


CLKEN low 


2.8 


2.8 


2.8 


t n Hold time after CLKT 


Data 


1.2 


1.2 


1.2 


ns 


CLKEN low 


0.6 


0.6 


0.6 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5V, 
Ta = 25°C 


SN54ABT16823 


SN74ABT16823 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f max 






150 


150 


150 


MHz 


tPLH 


CLK 


Q 


1.6 


3.9 


5.5 


1.6 


7.7 


1.6 


6.8 


ns 


tPHL 


2.1 


3.9 


5.4 


2.1 


6.4 


2.1 


6 


tPHL 


CLR 


Q 


1.9 


4.1 


5.3 


1.9 


6.3 


1.9 


6.1 


ns 


tpZH 


OE 


Q 


1 


3.1 


4.2 


1 


5.1 


1 


4.9 


ns 


tPZL 


1.5 


3.5 


4.6 


1.5 


5.7 


1.5 


5.5 


tPHZ 


OE 


Q 


2.2 


4.3 


5.6 


2.2 


6.8 


2.2 


6.1 


ns 


tPLZ 


1.6 


4.3 


6.4 


1.6 


9.9 


1.6 


8.7 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

CL = 50pF 
(see Note A) 



500 Q 

-AAA/ — 



500 Q 



S1, 



p 7V 

O Open 
? GND 



TEST 


S1 


tPLHfiPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



*su 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



tPLH — |* >\ 

I I 



tpHLH* ►[ 

^ 



y— 

jr 1.5 V 



1.5 V 



3V 
0V 



^— ^tpHL 

1 V 0H 

1.5 V 

vol 



*PLH 



1.5 V 



VOH 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPZL 



*PZH ->\ 



| tp LZ ->] k- 

\l.5V \/ 

I tpHZ-»l 

j *~ I 



3V 



VQH-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SNABT16825, SN74ABT16825 
18-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 -REVISED MARCH 1993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
Distributed V C c and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA I 0 h> 
64-mA l OL ) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16825 ... WD PACKAGE 
SN74ABT16825 . . . DL PACKAGE 
(TOP VIEW) 



The 'ABT16825 is an 18-bit buffer and line driver 
designed specifically to improve both the 
performance and density of 3-state memory 
address drivers, clock drivers, and bus-oriented 
receivers and transmitters. 

The device can be used as two 9-bit buffers or one 
18-bit buffer. It provides true data. 

The 3-state control gate is a 2-input AND gate with 
active -lo w inpu ts so that if either output-enable 
(OE1 or OE2) input is high, all nine affected 
outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16825 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6825 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT16825 is characterized for operation from -40°C to 85°C. 



10ET 


[ 




56 


] 10E2 


1Y1 


[ 


2 


55 


] 1A1 


1Y2 


[ 


3 


54 


] 1A2 


GND 


[ 


4 


53 


] GND 


1Y3 


[ 


5 


52 


] 1A3 


1Y4 


[ 


Q 


51 


] 1A4 


Vrr 


[ 




50 


] Vrr 


1Y5 


[ 


8 


49 


] 1A5 


1Y6 


[ 


9 


48 


] 1A6 


1Y7 


[ 


10 


47 


] 1A7 


GND 


[ 


11 


46 


] GND 


1Y8 


[ 


12 


45 


] 1A8 


1Y9 


[ 


13 


44 


] 1A9 


GND 


[ 


14 


43 


] GND 


GND 


[ 


15 


42 


] GND 


2Y1 


[ 


16 


41 


] 2A1 


2Y2 


[ 


17 


40 


] 2A2 


GND 


[ 


18 


39 


]GND 


2Y3 


[ 


19 


38 


]2A3 


2Y4 


[ 


20 


37 


]2A4 


2Y5 


[ 


21 


36 


]2A5 


v C c 


[ 


22 


35 


]v C c 


2Y6 


[ 


23 


34 


]2A6 


2Y7 


[ 


24 


33 


]2A7 


GND 


[ 


25 


32 


]GND 


2Y8 


[ 


26 


31 


]2A8 


2Y9 


[ 


27 


30 


]2A9 


20ET 


[ 


28 


29 


]20E2 



FUNCTION TABLE 



(each 9-bit section) 



INPUTS 


OUTPUT 


Oil 


OE2 


A 


Y 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


Z 


X 


H 


X 


z 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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logic symbolt 



10E1 
10E2 
20lT 
20E2 

1A1 
1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
1A9 
2A1 
2A2 
2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



1 N 


& 


EN1 
EN2 


2 


56 IN 




& 


29 




55 


I 


r 


1 V 


54 


3 




52 




5 




51 


6 




49 




8 




48 


9 




47 




10 




45 


12 




44 




13 




41 


16 


2V 


40 


17 




38 




19 




37 




20 




36 




21 




34 




23 




33 




24 




31 


26 




30 


27 









logic diagram (positive logic) 



10E1 
10E2 



56 



55 



1Y1 
1Y2 
1Y3 
1Y4 
1Y5 
1Y6 
1Y7 
1Y8 
1Y9 
2Y1 
2Y2 
2Y3 
2Y4 
2Y5 
2Y6 
2Y7 
2Y8 
2Y9 



1Y1 



V 

To Eight Other Channels 



20E1 
20E2 



2A1 



28 
29 



41 



Oi 



16 



2Y1 



To Eight Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc ■ -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16825 96 mA 

SN74ABT1 6825 1 28 m A 

Input clamp current, Iik ( v l < °) ■ • -18 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation atT^ = 55°C (in still air) — . . < . 1 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 





SN54ABT1 6825 


SN74ABT1 6825 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


4.5 5.5 


4.5 5.5 


v 


V||-| High-level input voltage 




2 


v 


V||_ Low-level input voltage 




0.8 


V 


V| Input voltage 


o #cc 


o v C c 


V 


lOH High-level output current 


K -24 


-32 


mA 


Iql Low-level output current 


^ 

# 48 


64 


mA 


At/Av Input transition rise or fall rate 


Control pins 




4 


ns/V 


Data pins 




10 


TX Operating free-air temperature 


-55 125 


-40 85 


°C 


NOTE 2: Unused or floating inputs must be held high or low. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16825 


SN74ABT16825 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5 V, IOH = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, lOH = - 3 mA 


3 


3 


3 


Vcc = 4.5 V, Ioh = -24 mA 


2 


2 




Vcc = 4-5V, lOH = - 32 mA 


2* 




2 


vol 


Vcc = 4.5 V, loL = 48mA 


0.55 


0.55 




V 


Vcc = 4.5 V, IOL = 64mA 


0.55+ 




0.55 


h 


Vcc = 5.5 V, V| = VccorGND 


±1 


!t 


±1 


|iA 


'OZH 


VCC = 5-5 V, V 0 = 2.7 V 


50 


^_ 


50 


MA 


'OZL 


V C C = 5.5 V, V O = 0.5V 


-50 


^"50 


-50 


uA 


•off 


Vcc = 0. V|orVo<4.5V 


±100 




±100 


HA 


«CEX 


Vcc = 5 5 V, Vq = 5.5 V Outputs high 


50 


£ 50 


50 




io§ 


V C C = 5.5 V, V 0 = 2.5 V 


-50 -100 -180 


%0 -180 


-50 -180 


mA 


•cc 


Vcc = 5.5 V, l O = 0, 
V|-V C corGND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Ci 


V| = 2.5Vor 0.5 V 








PF 


C 0 


Vq = 2.5 V or 0.5 V 








PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
1 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



phuuuut PHtviLW information concerns products in tne formative or ™ 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1 ) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 5V, 
Ta = 25°C 


SN54ABT16825 


SN74ABT16825 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


1 


1-9 


3.6 


1 


4.1 


1 


3.9 


ns 


tPHL 


1 


2.1 


3.9 


1 


4.7 


1 


4.4 


tpZH 


OE 


Y 


1 


2.8 


5.5 


t 


6.4 


1 


6.1 


ns 


tpzL 


1 


2.8 


5.4 


1 


6.3 


1 


6 


tPHZ 


OE 


Y 


2.4 


4.5 


6.8 


J2.4 


7.1 


2.4 


6.9 


ns 


tPLZ 


1.6 


3.7 


6.2 


1.6 


7.6 


1.6 


6.6 



PRODUCT PREVIEW information concerns products in the formative or — 

design phase of development. Characteristic data and other W> Sm 

specifications are design goals. Texas Instruments reserves the right to wjl Tr^vAr 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50pF 
(see Note A) 



500 Q 

-AAA/ — 



500 Q 



7V 



^/ O Open 



? GND 



TEST 


S1 


tPLHrtPHL 
tPLZ^PZL 
tPHZflpZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 




VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



Data Input 



tsu ' 



} <i.5v 



3V 
0V 



3V 
0V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL-^| 



j tpLZ-»j U- 



*PZH -*| |4- 



1-T 

tpHZ-^i f~ 



0.3 V 



VQH-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16826, SN74ABT16826 
18-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-LIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16826 ... WD PACKAGE 
SN74ABT16826 . . . DL PACKAGE 
(TOP VIEW) 



The 'ABT1 6826 is an 1 8-bit buffer and line driver 
designed specifically to improve both the 
performance and density of 3-state memory 
address drivers, clock drivers, and bus-oriented 
receivers and transmitters. 

The device can be used as two 9-bit buffers or one 
1 8-bit buffer. It provides true data. 

The 3-state control gate is a 2-input AND gate with 
active -lo w inpu ts so that if either output-enable 
(OE1 or OE2) input is high, all nine affected 
outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16826 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6826 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT16826 is characterized for operation from -40°C to 85°C. 



10E1 [ 1 
1Y1 [ 2 
1Y2 [ 3 

GND [ 4 
1 Y3 [ 5 
1Y4 [ 6 

V CC [ 7 
1Y5 [ 8 
1Y6 [ 9 
1Y7 [ 10 
GND [ 11 
1Y8 [ 12 
1Y9 [ 13 
GND t 14 
GND [ 15 
2Y1 [ 16 
2Y2 [ 17 
GND [ 18 
2Y3 [ 19 
2Y4 [ 20 
2Y5 I 21 

V CC I 22 
2Y6 [ 23 
2Y7 [ 24 
GND [ 25 
2Y8 [ 26 
2Y9 [ 27 
20ET [ 28 



56 



] 10E2 
55 ] 1A1 
54 ] 1A2 
53 ] GND 
52 ] 1A3 
51 ] 1A4 
50 ] V CC 
49 ] 1A5 
48 ] 1A6 
47 ] 1A7 
46 ] GND 
45 ] 1A8 
44 ] 1A9 
43 ] GND 
42 ] GND 
41 ] 2A1 
40 ] 2A2 

]gnd 

]2A3 
]2A4 
]2A5 

]v cc 

]2A6 
]2A7 

]gnd 

]2A8 
]2A9 
]20E2 



FUNCTION TABLE 
(each 9-bit section) 



INPUTS 


OUTPUT 


OE1 


OE2 


A 


Y 


L 


L 


L 


H 


L 


L 


H 


L 


H 


X 


X 


Z 


X 


H 


X 


Z 



Widebus and EPIC-IIB are trademarks of Texas instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT16826, SN74ABT16826 
18-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



logic symbolt 



logic diagram (positive logic) 



10E1 
10E2 
20IT 
20E2 

1A1 
1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
1A9 
2A1 
2A2 
2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



1 


IN 


& 




56 


IN 




EN1 


28 


IN 


& 




29 


IN 


EN2 









10E1 
10E2 



56 



1A1 



55 



55 


1 V 


N 2 


54 


N 3 




52 


N 5 




51 


N 6 




49 


N 8 




48 


N 9 




47 






45 






44 






41 


16 


2V 


40 


17 




38 






37 


20 




36 


21 




34 


23 




33 


24 




31 


26 




30 


27 









1Y1 
1Y2 
1Y3 
1Y4 
1Y5 
1Y6 
1Y7 
1Y8 
1Y9 
2Y1 
2Y2 
2Y3 
2Y4 
2Y5 
2Y6 
2Y7 
2Y8 
2Y9 



1Y1 



To Eight Other Channels 



20E1 
20E2 



28 
29 



On 



2A1 



41 



2Y1 



To Eight Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc -0-5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16826 96 mA 

SN74ABT16826 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ~" 50 m A 

Maximum power dissipation at T"a = 55°C (in still air) . 1 W 

Storage temperature range -65°C to 1 50°C 

$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT16826, SN74ABT16826 
18-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



recommended operating conditions (see Note 2) 







SN54ABT16826 


SN74ABT16826 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vrr 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


v 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T» — OK°f* 
tf^ — £0 \* 


CMRd A BT1 £fiO£ 




UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1 .2 


-1 .2 


V 


VOH 


Vcc = 4.5 V, Iqh = - 3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = - 3 mA 


3 


3 


3 


Vcc = 4.5 V, Iqh = -24 mA 


2 


2 




Vcc = 4.5 V, Iqh =" 32 mA 


2t 




2 


vol 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55+ 




0.55 


"i 


Vcc = 5.5 V, V| = V C C or GND 


±1 


±1 


±1 


|LlA 


'OZH 


V C C = 5.5 V, Vq = 2.7V 


50 


50 


50 


uA 


'OZL 


Vcc = 5.5 V, V 0 = 0.5 V 


-50 


-50 


-50 


MA 


'off 


VcC = 0- V|orVQ<4.5V 


±100 




±100 




'CEX 


Vcc = 5.5 V, Vo = 5.5 V Outputs high 


50 


50 


50 


|aA 


io § 


V C C = 5.5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, l O = 0, 
V|- V C C or GND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


Alec 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 Vor 0.5 V 








PF 


Co 


V 0 = 2.5 V or 0.5 V 








PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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SN54ABT16827, SN74ABT16827 
20-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JUNE 1993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-lIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical V 0 i_p (Output Ground Bounce) 
<1 Vat V C c = 5 V, T A = 25°C 
Distributed V C c and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mAI OL ) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16327 . . . WD PACKAGE 
SN74ABT16827 . . . DL PACKAGE 
(TOP VIEW) 



15ET[ 




n — 

56 


] 10E2 


1Y1 [ 


2 


55 


] 1A1 


1Y2 [ 


3 


54 


] 1A2 


GND [ 


4 


53 


] GND 


1Y3 [ 


5 


52 


] 1A3 


1Y4 [ 


6 


51 


] A14 


v C c[ 




50 


]v cc 


1Y5 [ 


8 


49 


] 1A5 


1Y6 [ 


9 


48 


] 1A6 


1Y7 [ 


10 


47 


] 1A7 


GND [ 


11 


46 


] GND 


1Y8 [ 


12 


45 


] 1A8 


1Y9 [ 


13 


44 


] 1A9 


1Y10 [ 


14 


43 


] 1A10 


2Y1 [ 


15 


42 


] 2A1 


2Y2 [ 


16 


41 


] 2A2 


2Y3 [ 


17 


40 


] 2A3 


GND [ 


18 


39 


] GND 


2Y4 [ 


19 


38 


] 2A4 


2Y5 [ 


20 


37 


] 2A5 


2Y6 [ 


21 


36 


] 2A6 


Vcct 


22 


35 


]v CC 


2Y7 [ 


23 


34 


] 2A7 


2Y8 [ 


24 


33 


] 2A8 


GND [ 


25 


32 


] GND 


2Y9 [ 


26 


31 


] 2A9 


2Y10 [ 


27 


30 


] 2A10 


25ET[ 


28 


29 


]20E2 



The 'ABT16827 is a noninverting 20-bit buffer 
composed of two 10-bit sections with separate 
output-enable signals. For eith er 10 -bit b uffer 
sec tion, the t wo ou tput-enable (10E1 and 10E2 
or 20E1 and 20E2) inputs must both be low for the 
corresponding Y outputs to be active. If either 
output-enable input is high, the outputs of that 
10-bit buffer section are in the high-impedance 
state. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to V<x 

through a pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of 
the driver. 

The SN74ABT16827 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT16827 is characterized for operation over the full military temperature range of-55°C to 125°C. 
The SN74ABT1 6827 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 10-bit section) 



INPUTS 


OUTPUT 
Y 


Oil 


OE2 


A 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


Z 


X 


H 


X 


z 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



UNLESS otherwise noted this document contains PRODUCTION — Copyright © 1 993, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
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20-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
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logic symbolt 



10E1 
10E2 

20E1 
20E2 

1A1 
1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
1A9 

1A10 
2A1 
2A2 
2 A3 
2A4 
2A5 
2A6 
2A7 
2A8 
2A9 

2A10 



56 



28 



29 



EN1 



EN2 



logic diagram (positive logic) 

10E1 - 1 — Ol \ 

^-<Lj — 



10E2- 



1A1 



55 



55 


1 1 V 


2 


54 


3 




52 




5 




51 




6 




49 




8 




48 




9 




47 




10 




45 




12 




44 




13 




43 




14 




42 




15 


1 2V 


41 


16 




40 




17 




38 




19 




37 




20 




36 




21 




34 




23 




33 




24 




31 




26 




30 




27 











1Y1 

1Y2 

1Y3 

1Y4 

1Y5 

1Y6 

1Y7 

1Y8 

1Y9 

1Y10 

2Y1 

2Y2 

2Y3 

2Y4 

2Y5 

2Y6 

2Y7 

2Y8 

2Y9 

2Y10 



1Y1 



To Nine Other Channels 



20E1 



20E2 




2Y1 



To Nine Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vcc ■ _0 - 5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q\ SN54ABT1 6827 96 mA 

SN74ABT16827 128 mA 

Input clamp current, I|k (V| < 0) . -18 mA 

Output clamp current, Iqk ( v O < °) ■■■■ ■ ■■■ ■ ■■■ -50mA 

Maximum power dissipation at TA = 55°C (in still air) 1 W 

Storage temperature range — -65°Cto150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT16827, SN74ABT16827 
20-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 



recommended operating conditions (see Note 2) 







SN54ABT16827 


SN74ABT16827 


UNIT 






MIN 


MAX 


MIN 


MAX 


V CC 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


y 


v ln 


High-level input voltage 


2 


2 


v 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


Vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Control pins 


4 


4 


ns/V 


Data pins 


10 


10 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16827 


SN74ABT16827 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C C = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4 5 V, lOH = ~ 3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, lOH =~ 3 mA 


3 


3 


3 


Vcc = 4 5 V, lOH = - 24 mA 


2 


2 




Vcc = 4 5 V, lOH = - 32 mA 


2t 




2 


Vol 


Vcc = 4 -5 V, Iol = 4 8 mA 


0.55 


0.55 




V 


Vcc = 4 -5 V, Iol = 6 4 mA 


0.55* 




0.55 


ii 


Vcc = 5-5 V, V| = V C C or GND 


±1 


±1 


±1 


HA 


lOZH 


V C C = 5.5 V, V 0 = 2.7V 


50 


50 


50 


uA 


'OZL 


VCC = 5.5 V, Vq = 0.5 V 


-50 


-50 


-50 


|iA 


■off 


Vcc = 0. V| or Vq < 4.5 V 


±100 




+ 100 


uA 


'CEX 


V C C = 5-5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


|LlA 


io § 


VCC = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, l O = 0, 
V| - V C c ° r GND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


3 






PF 


Co 


Vq = 2.5 V or 0.5 V 


7.5 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PRODUCT PREVIEW information concerns products in the formative or m . 

design phase of development. Characteristic data and other ^Kfl _ 

specifications are design goals. Texas Instruments reserves the right to TVv A 

ige or discontinue these products without notice. I r.XA^ 
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20-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vqc = 5 V, 
T A = 25°C 


SN54ABT16827 


SN74ABT16827 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


tPLH 


A 


Y 


1 1.9 3.1 


1 3.6 


1 3.4 


ns 


tPHL 


1 2.1 3.7 


1 4.5 


1 4.2 


tpZH 


OE 


Y 


1 2.8 5 


t 5.9 


1 5.6 


ns 


tpZL 


1 2.8 4.9 


,1 5.8 


1 5.5 


*PHZ 


OE 


Y 


2.4 4.5 6.5 


2.4 6.8 


2.4 6.6 


ns 


tPLZ 


1.6 3.7 5.7 


, 1.6 7.1 


1.6 6.1 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right tc 
change or discontinue these products without notice. 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF ^ 
(see Note A) 



500 £2 

-AA/V— 



500 ft 



o 7V 

° ° pen 
Q GND 



TEST 


S1 


tPLH^PHL 
tpLZ^PZL 
tPHZ/*PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Timing Input 



VOLTAGE WAVEFORMS 
PULSE DURATION 



XiE 



I I 3V | tsu I t h j 

■npu, ^ K P^~ \ v D a,a lnput %„ 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3 V 
0V 



Input 
(see Note B) 



Output 



Output 



~" X 15V X 7 ^ 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



1PZL->| 



T 

I 

! tPLZ"^ 



\ / VQL + 03V 



| tPHZ-^l K~ 
tpZH-^ |«- ] 



VQH-0.3V 



3 V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 ft, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16828, SN74ABT16828 
20-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

OCTOBER 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Distributed Vcc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16828 ... WD PACKAGE 
SN74ABT16828 . . . DL PACKAGE 
(TOP VIEW) 



The 'ABT16828 is an inverting 20-bit buffer 
composed of two 10-bit sections with separate 
output-enable signals. For eith er 10 -bit b uffer 
sec tion, the t wo ou tput-enable (10E1 and 10E2 
or20E1 and 20E2) inputs must both be low for the 
corresponding Y outputs to be active. If either 
output-enable input is high, the outputs of that 
10-bit buffer section are in the high-impedance 
state. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vcc 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN74ABT16828 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6828 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT16828 is characterized for operation from -40°C to 85°C. 







M 




10ET [ 


1 
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] 10E2 
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53 


] GND 


1Y3 [ 
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52 
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1Y4 [ 
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51 


] A14 
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50 
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47 
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GND [ 
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46 


] GND 


1Y8 [ 
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1Y10 [ 
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43 
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2Y2 [ 


16 


41 
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2Y3 [ 
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40 


] 2A3 


GND [ 


18 


39 


] GND 


2Y4 [ 


19 


38 


] 2A4 


2Y5 [ 


20 


37 


] 2A5 


2Y6 [ 


21 


36 


] 2A6 


Vcct 


22 


35 


]v cc 


2Y7 [ 


23 


34 


] 2A7 


2Y8 [ 


24 


33 


] 2A8 


GND [ 


25 


32 


] GND 


2Y9 [ 


26 


31 


] 2A9 


2Y10 [ 


27 


30 


] 2A10 


20ET [ 


28 


29 


] 2QE2 



FUNCTION TABLE 
(each 10-bit section) 



INPUTS 


OUTPUT 


OE1 


OE2 


A 


Y 


L 


L 


L 


H 


L 


L 


H 


L 


H 


X 


X 


Z 


X 


H 


X 


z 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT16828, SN74ABT16828 
20-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 



OCTOBER 1992 



logic symbolt 



10E1 
10E2 

20E1 
2012 

1A1 
1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
1A9 

1A10 
2A1 
2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 
2A9 

2A10 



56 



28 



29 



EN1 



EN2 



logic diagram (positive logic) 



1A1 



55 
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54 



52 



51 



49 



48 



47 



45 



44 



43 



42 



41 



40 



38 
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36 



34 



33 



31 
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1V 



2V 





N 


3 


X 


5 


X 


6 


X 


8 


X 


9 


X 


10 


X 


12 


\ 


13 




X 


15 


X 


16 


\ 


17 


X 


19 


X 


20 


x 


21 


\ 


23 


X 


24 


\ 


26 


27 



1Y1 

1Y2 

1Y3 

1Y4 

1Y5 

1Y6 

1Y7 

1Y8 

1Y9 

1Y10 

2Y1 

2Y2 

2Y3 

2Y4 

2Y5 

2Y6 

2Y7 

2Y8 

2Y9 

2Y10 



1Y1 



To Nine Other Channels 



2QE1 - 
20E2- 



28 
29 



2A1 



42 



l> 



15 



2Y1 



To Nine Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqq . . . . -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq ■ ■ ■ -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT1 6828 96 mA 

SN74ABT16828 128 mA 

Input clamp current, I ik (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) , -50 mA 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range -65°C to 150°C 

$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 







SN54ABT16828 


SN74ABT16828 


UNIT 






MIN MAX 


MIN 


MAX 


V CC 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


v C c 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT16828 


SN74ABT16828 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4 5 V, lOH = - 3 mA 


2.5 


2.5 


2.5 


V 


VcC = 5V, l 0 H = -3mA 


3 


3 


3 


Vqc = 4.5 V, loH = -24mA 


2 


2 




Vcc = 4-5 V, Iqh = - 32 mA 


2t 




2 


vol 


Vcc = 4.5 V, IOL = 48mA 


0.55 


0.55 




V 


V C c = 4.5 V, l 0 L = 64mA 


0.55* 




0.55 


h 


Vcc = 5.5 V, V| = Vcc or GND 


±1 


±1 


±1 


^iA 


'OZH 


VCC = 5-5 V, V 0 = 2.7 V 


50 


50 


50 




'OZL 


V C C = 5.5 V, Vq = 0.5 V 


-50 


-50 


-50 


uA 


'off 


Vcc = °- v | or Vo < 4.5 V 


±100 




±100 


HA 


'CEX 


Vcc = 5-5 V, Vq = 5.5 V | Outputs high 


50 


50 


50 


HA 


l 0 § 


V C C = 5-5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


>CC 


V C C = 5.5 V, 'O = 0- 
V| - Vcc or GND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


AICC 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 




V| = 2.5 V or 0.5 V 








PF 


Co 


V 0 = 2.5 V or 0.5 V 








PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT16833, SN74ABT16833 
DUAL 8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 

SCBS097A- D3982, FEBRUARY 1991 - REVISED OCTOBER 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Distributed Vcc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Parity Error Flag With Parity 
Generator/Checker 

Register for Storage of the Parity Error Flag 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16833 ... WD PACKAGE 
SN74ABT16833 . . . DL PACKAGE 
(TOP VIEW) 



10EB[ 
1 CLK [ 
1ERR [ 
GND [ 

1A1 [ 

1A2[ 

v C c[ 

1A3[ 8 
1A4[ 
1A5[ 
GND [ 
1A6[ 
1A7[ 
1A8[ 14 
2A1 [ 15 
2A2[ 16 
2A3[ 17 
GND [ 18 
2A4[ 19 
2A5 [ 20 
2A6 [ 21 
VCC [ 22 
2A7 [ 23 
2A8 [ 24 
GND [ 25 
2ERR[ 26 
2CLK [ 27 
2QEB[ 28 



T7 



10EA 

1CLR 

1 PARITY 

GND 

1B1 

1B2 

V C C 

1B3 

1B4 

1B5 

GND 

1B6 

1B7 

1B8 

2B1 

2B2 

2B3 

GND 

2B4 

2B5 

2B6 

Vcc 

2B7 
2B8 
GND 
2PARITY 
2 CLR 
20EA 



The 'ABT1 6833 consists of two noninverting 8-bit 
to 9-bit parity bus transceivers and is designed for 
communication between data buses. For each 
transceiver, when data is transmitted from the A 
bus to the B bus, an odd-parity bit is generated and 
output on the parity I/O pin (1 PARITY or 
2PARITY). When data is transmitted from the B 
bus to the A bus, 1 PARITY (or 2 PARITY) is 
configured as an input and combined with the B 
input data to generate an active-low error flag if 
odd parity is not detected. 

The error (1 ERR o r 2E RR) output is configured as an open-collector output. The B-to-A pa rity e rror flag is 
clocked into 1 ERR (or 2ERR) on the low-to-high tra nsitio n of the clock (1 CLK or 2CLK) input. 1 ERR (or 2ERR) 
is cleared (set high) by taking the clear (1 CLR or 2CLR) input low. 

The output-enable ( OEA and OEB) inputs can be used to disable the device so that the buses are effectively 
isolated. When both OEA and OEB are low, data is transferred from the A bus to the B bus and inverted parity 
is generated. Inverted parity is a forced error condition that gives the designer more system diagnostic capability. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16833 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6833 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT1 6833 is characterized for operation from -40°C to 85°C. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 
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SN54ABT16833, SN74ABT16833 

DUAL 8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 

SCBS097A - D3982, FEBRUARY 1 991 - REVISED OCTOBER 1 992 



FUNCTION TABLE 



INPUTS 


OUTPUT AND I/O 




OEB 


OEA 


CLR 


CLK 


Ai 

ZOFH's 


Bit 
EOF H's 


A 


B 


PARITY 


ERR* 


FUNCTION 


L 


H 


X 


X 


Odd 


NA 


NA 


A 


L 


NA 


A data to B bus and 








Even 




H 


npnpratp naritv 

yci aic iiy 


H 


L 


H 


t 


NA 


Odd 
Even 


B 


NA 


NA 


H 
L 


B data to A bus and 
check parity 


X 


X 


L 


X 


X 


x 


X 


NA 


NA 


H 


Check error flag register 






H 


Not 


X 










NC 




H 


H 


L 
H 
H 


Not 

T 
t 


X 
Odd 
Even 


X 


Z 


Z 


Z 


H 
H 
L 


lsolation§ 


L 


L 


X 


X 


Odd 


NA 


NA 




H 


NA 


A data to B bus and 










Even 


A 


L 


generate inverted parity 



NA = not applicable, NC = no change, X = don't care 

t Summation of high-level inputs in clude s PARITY along with Bi inputs. 

$ Output states sh own a ssume the ERR output was previously high. 

§ In this mode, the ERR output (when clocked) shows inverted parity of the A bus. 
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logic symbolt 
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55 
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21 














36 
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1ERR 

1 PARITY 
2ERR 

2 PARITY 
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TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 



1A1-1A8 




1B1-1B8 



1 PARITY 



1ERR 



2A1-2A8 



20EB 



20EA 




2B1-2B8 



2PARITY 



2ERR 
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ERROR FLAG FUNCTION TABLE 



INPUTS 


INTERNAL 
TO DEVICE 


OUTPUT 
PRE-STATE 


OUTPUT 
ERR 


FUNCTION 


CLR CLK 


POINT "P" 


ERRn-1 




H T 


H 


H 


H 




H T 


X 


L 


L 


Sample 


H t 


L 


X 


L 




L X 


X 


X 


H 


Clear 



t The state of the ERR output before any changes at CLR, CLK, or point "P". 

error-flag waveforms 



OEB 



OEA 



Bi + PARITY 



CLK 



CLR 



ERR 



tPHL" 



J I 



I 

I Mt su 



J L 

1 r 



tPLH 



Even 
Odd 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq ■ -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16833 96 mA 

SN74ABT16833 128 mA 

Input clamp current, l||< (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■ -50 mA 

Maximum power dissipation at TX = 55°C (in still air) 1 W 

Storage temperature range -65°C to 1 50°C 



$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not. 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 









SN54ABT16833 


SN74ABT16833 


UNIT 








MIN MAX 


MIN MAX 


vcc 


Supply voltage 




4.5 5.5 


4.5 5.5 


V 


V|H 


High-level input voltage 




2 ;; - 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




o v C c 


o v C c 


V 


VOH 


High-level output voltage 


ERR 


5.5 


5.5 


V 


•oh 


High-level output current 


Except ERR 


-24 


-32 


mA 


'OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 125 


-40 85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25 ° c 


CMC/1 A DTI CQOO 


CM7/I A PTi CQOO 

bN74ADl10oo3 


UNIT 


MIM TVot MAV 

MIN lYrl MAX 


MIM MAV 

MIN MAX 


MIM MAV 

MIN MAX 


V IK 


Vcc = 4-5 V, l|=-18mA 


—1 .2 


—1.2 


—1.2 


v 


VOH 


V C C = 4.5 V, l 0 H = -3mA 


All outputs 
except ERR 


2.5 3* 


2.5 




V 


V C c = 5 V, IOH = -3mA 


3 3.4 


3 


3 


V C C = 4.5 V, 


Iqh = -24 mA 




2 




V C C = 4.5 V, 


Iqh=-32 mA 


2* 2.7 




2 


vol 


Vcc = 4-5V, IOL = 24mA 


0.25 0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.3 0.55* 




0.55 


'oh 


VCC = 4.5 V, VoH = 5.5V 


ERR 


20 


20 


20 


uA 


h 


V C C = 5.5 V, 
V| = V C c or GND 


Control inputs 


±1 


, ±1 


±1 


"A 


A or B ports 


±100 


±100 


±100 


IlL 


VCC = 0> V| = GND 


A or B ports 


-50 


-50 


-50 


uA 


"OZH § 


V C C = 5.5 V, Vo = 2.7V 


50 


50 


50 




>OZL§ 


Vcc = 5-5V, Vo = 0.5V 


-50 


-50 


-50 


jiA 


'off 


Vcc = 0. V|orVo<4.5V 


±100 




±100 


HA 


'CEX 


Vcc = 5.5 V, Vq = 5.5V Outputs high 


50 


50 


50 


^A 




VCC = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


•cc 


V C C = 5.5 V, 

io = o. 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


1.5 2 


2 


2 


mA 


Outputs low 


28 36 


36 


36 


Outputs 
disabled 


1 2 


2 


2 


Alcc # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


50 


50 


50 


^A 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 


Cio 


Vq = 2.5 V or 0.5 V 


A or B ports 


9 






PF 



t All typical values are at Vcc - 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH an d 'OZL include the input leakage current. 

II Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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design phase of development. Characteristic data and other 
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SN54ABT16833, SN74ABT16833 
DUAL 8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 



SCBS097A- D3982, FEBRUARY 1991 - REVISED OCTOBER 1992 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 













V C C = 5V, 
T A = 25°C 


SN54ABT16833 


SN74ABT16833 


UNIT 












MIN 


MAX 


MIN MAX 


MIN 


MAX 




t w Pulse duration 


CLK high or low 


3 





3 


ns 


t su Setup time before CLKT 


A port 


4.5 




4.5 


ns 


CLR 


1 




1 


t n Hold time after CLKT 


A port 


0 


0 


0 


ns 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT16833 


SN74ABT16833 


UNIT 




MIN TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A or B 


BorA 


1.5 2.5 


3.3 


1.5 


4.2 


1.5 


4.1 


ns 


tPHL 


2 3.1 


3.9 


2 


4.5 


2 


4.3 


tPZH 


OE 


AorB 


2 3.9 


4.9 


2 


5.8 


2 


5.6 


ns 


tPZL 


2.5 4.3 


5.1 


2.5 


^2 


2.5 


6 


tPHZ 


OE 


AorB 


2 3.6 


4.5 


2 




2 


5.4 


ns 


tPLZ 


1.5 3 


3.8 


1.5 J? 4.7 


1.5 


4.3 


tPLH 


AorOE 


PARITY 


2 4.6 


5.4 




7 


2 


6.7 


ns 


tPHL 


2 4.3 


5.1 




2 


6.1 


tPZH 


OE 


PARITY 


2 3.6 


5 


jC? 2 


5.8 


2 


5.7 


ns 


tPZL 


2.5 4.4 


5.8 


4^ 2.5 


6.7 


2.5 


6.5 


tPHZ 


OE 


PARITY 


1.5 3.2 


4 


1.5 


4.8 


1.5 


4.7 


ns 


tPLZ 


1.5 2.9 


3.7 


1.5 


4.2 


1.5 


4.1 


tPLH 


CLK, CLR 


ERR 


2 3.4 


4.2 


2 


4.8 


2 


4.6 


ns 


tPHL 


CLK 


2 2.8 


3.6 


2 


4.1 


2 


3.9 
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SN54ABT16833, SN74ABT16833 

DUAL 8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 

SCBS097A- D3982, FEBRUARY 1991 - REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output . 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 

—AAA/— 



S1, 



500 £2 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



P 7V 

O Open 
9 GND 



3V 



0V 



Timing Input 



Data Input 



TEST 


S1 


tPLHflPHL 
tpLZ'tpZL 
tPHZ'*PZH 


Open 
7V 
Open, 



ERR 


S1 


tpHL (see Note E) 
tp|_H (see Note F) 


7V 
7V 



1.5 V 



i*r-*- 



th 



]K 1 - 5V XiZE 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



tpLH j « » j j« *\~ tPHL 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL — ►) 



[ tpLZ"^ j«~ 



I / VQL + 0-3V 

| tpHZ"^ k- 
tpZH-^ |4- J 



3V 
0V 

3.5 V 

vol 



V OH -0.3V V ° H 

— « ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance, 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 CI, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

E. tpHL is measured at 1.5 V. , 

F. tpi_H is measured at Vql + 0.3 V. 



Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16841, SN74ABT16841 
20-BIT BUS-INTERFACE D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

SEPTEMBER 1992 - REVISED APRIL 1993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-lIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA I 0 h> 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT16841 ... WD PACKAGE 
SN74ABT16841 . . . DL PACKAGE 
(TOP VIEW) 



ioe[ 



1Q9E 



description 



These 20-bit latches feature 3-state outputs 
designed specifically for driving highly capacitive 
or relatively low-impedance loads. They are 
particularly suitable for implementing buffer 
registers, I/O ports, bidirectional bus drivers, and 
working registers. 







1 


56 


2 


55 


3 


54 


4 


53 


5 


52 


6 


51 




50 


8 


49 


9 


48 


10 


47 


11 


46 


12 


45 


13 


44 


14 


43 


15 


42 


16 


41 


17 


40 


18 


39 


19 


38 


20 


37 


21 


36 


22 


35 


23 


34 


24 


33 


25 


32 


26 


31 


27 


30 


28 


29 



JiLE 
] 1D1 
] 1D2 

]gnd 

] 1D3 
] 1D4 

]v C c 

J 1D5 
] 1D6 



]2D6 

} Vcc 

J2D7 
]2D8 

]gnd 

]2D9 

]2D10 

]2LE 



The 'ABT1 6841 can be used as two 1 0-bit latches 
or one 20-bit latch. The twenty latches are 

transparent D-type latches. The device has noninverting data (D) inputs and provides true data at its outputs. 
While the latch-enable (1 LE or 2LE) input is high, the Q outputs of the corresponding 10-bit latch follow the D 
inputs. When LE is taken low, the Q outputs are latched at the levels that were set up at the D inputs. 

A buffered output-enable (1 OE or 20E) input can be used to place the outputs of the corresponding 1 0-bit latch 
in either a normal logic state (high or low) or a high-impedance state. In the high-impedance state, the outputs 
neither load nor drive the bus lines significantly. 

The output-enable input does not affect the internal operation of the latches. Old data can be retained or new 
data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16841 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT16841 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT16841 is characterized for operation from -40°C to 85°C. 

Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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SN54ABT16841, SN74ABT16841 

20-BIT BUS-INTERFACE D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SEPTEMBER 1 992 - REVISED APRIL 1 993 



logic symbolt 



10E 
1LE 
20E 
2LE 

1D1 
1D2 
1D3 
1D4 
1D5 
1D6 
1D7 
1D8 
1D9 

1D10 
2D1 
2D2 
2D3 
2D4 
2D5 
2D6 
2D7 
2D8 
2D9 

2D10 



FUNCTION TABLE 
(each 10-bit latch) 



INPUTS 


OUTPUT 
Q 


OE 


LE 


D 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


z 



1 IS 


EN2 
C1 
EN4 
C3 

h r 


2 


56 


28 IN 


29 


55 


1D 2V 


54 


3 




52 


5 




51 


6 




49 


8 




48 


9 




47 


10 




45 




12 




44 


13 




43 




14 




42 


15 


3D 4s7 


41 


16 




40 


17 




38 




19 




37 


20 




36 


21 




34 


23 




33 


24 




31 


26 




30 




27 











tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 



logic diagram (positive logic) 



1Q1 

1Q2 

1Q3 

1Q4 

1Q5 

1Q6 

1Q7 

1Q8 

1Q9 

1Q10 

2Q1 

2Q2 

2Q3 

2Q4 

2Q5 

2Q6 

2Q7 

2Q8 

2Q9 

2Q10 



10E- 



1LE 



1D1 



56 



55 



1D 



1Q1 



v : 

To Nine Other Channels 



20E 
2LE 

2D1 



28 



29 



42 



1D 



15 



2Q1 



To Nine Other Channels 
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SN54ABT16841, SN74ABT16841 
20-BIT BUS-INTERFACE D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

SEPTEMBER 1 992 - REVISED APRIL 1 993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x -Q- 5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16841 96 mA 

SN74ABT16841 128 mA 

Input clamp current, l||< (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v O < °) _5 ° mA 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT16841 


SN74ABT16841 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


*;t).8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


, , -24 


-32 


mA 


lOL 


Low-level output current 


< 48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 , 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT1 6841 , SN74ABT1 6841 

20-BIT BUS-INTERFACE D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SEPTEMBER 1 992 - REVISED APRIL 1 993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT16841 


SN74ABT16841 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


VcC = 5V, l 0 H = -3mA 


3 


3 


3 


Vcc = 4.5 V, Ioh = -24 mA 


2 


2 




Vqc = 4.5 V, Iqh = - 32 mA 


2+ 




2 


vol 


Vcc = 4-5 V, l 0L = 48 mA 


0.55 


0.55 




V 


VQC = 4-5V, l0L = 64mA 


0.55+ 




0.55 


ii 


Vcc = 5.5 V, V| = VccorGND 


±1 


±i 


±1 


uA 


'OZH 


Vcc = 5-5 V, V 0 = 2.7 V 


50 


:5o 


50 


uA 


'OZL 


Vcc = 5.5 V, V 0 = 0.5 V 


-50 


-50 


-50 


uA 


'off 


Vcc = 0, V|orVo<4.5V 


±100 




±100 


uA 


'CEX 


Vcc = 5.5 V, Vo = 5.5V Outputs high 


50 


50 


50 


uA 


io § 


V C C = 5.5 V, V 0 = 2.5V 


-50 -100 -180 


-50 ' -180 


-50 -180 


mA 


>cc 


Vcc = 5-5 V, Iq = 0, 
V|-V C c orGND 


Outputs high 


0.5 


0.5 


0.5 


mA 


Outputs low 


89 


89 


89 


Outputs disabled 


0.5 


0.5 


0.5 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Gj 


V| = 2.5 V or 0.5 V 


3.5 






PF 


C 0 


Vq = 2.5 V or 0.5 V 


7.5 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 





VCC = 5V, 
Ta = 25°C 


SN54ABT16841 


SN74ABT16841 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 




t w Pulse duration, LE high or low 


4 


4 


4 


ns 


t su Setup time, data before LEi 


1 


-1 


1 


ns 


t n Hole- time, data after LEi 


2 


, 2 


2 


ns 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the fight to 
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SN54ABT16841, SN74ABT16841 
20-BIT BUS-INTERFACE D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

SEPTEMBER 1 992 - REVISED APRIL 1 993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 5 V, 
Ta = 25°C 


SN54ABT16841 


SN74ABT16841 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


D 


Q 


1.1 


3.2 


4.3 


1.1 


5.7 


1.1 


5 


ns 


tPHL 


1.6 


3.5 


4.5 


1.6 0 


1.6 


5.1 


tPLH 


LE 


Q 


1.1 


3.2 


4.4 


1.1 


t -;;5.6 


1.1 


5 


ns 


tPHL 


1.6 


3.4 


4.6 


1.6 . 


F 5.3 


1.6 


5 


tpZH 


OE 


Q 


1.2 


3.2 


4.7 


1 C 


5.8 


1.2 


5.7 


ns 


tpZL 


1.7 


3.6 


5 




5.7 


1.7 


5.6 


tPHZ 


OE 


Q 


2.2 


4.1 


5.7 


/,;<2.2 


6.6 


2.2 


6.5 


ns 


tpLZ 


1.9 


4.4 


5.8 


1 1.9 


8.4 


1.9 


7.1 



PRODUCT PREVIEW information concerns products in the formative or tm 
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SN54ABT1 6841 , SN74ABT1 6841 

20-BIT BUS-INTERFACE D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SEPTEMBER 1 992 - REVISED APRIL 1 993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



500 Q 

-A/W- 



500 Q 



o 7V 
SI/* o Open 

9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ/tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— v ~\/ — 

Input 1-5V^t A 1 " 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
0V 



Timing input 



Data Input 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



~X 1 - 5V XEI 



3V 
0 V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL- 



1 t PLZ -*l j«- 



\l.5V \S 

\ / VQL + 0-3V 



tpZH ->| |^- 

I 



| tpHZ-*l j^" 



Vqh-0.3 V 



3V 
0V 

3.5 V 

vol 

V 0 H 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq - 50 CI, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 



^ Texas 
Instruments 

3-210 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT16843, SN74ABT16843 
18-BIT BUS-INTERFACE D-TYPE LATCHES 
WITH 3-STATE OUTPUTS 

OCTOBER 1992 - REVISED FEBRUARY 1993 



I • Members of the Texas Instruments 

I Widebus™ Family 

I • State-of-the-Art EPIC-IIB™ BiCMOS Design 

I Significantly Reduces Power Dissipation 

[ • ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 Y Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Typical Vqlp (Output Ground Bounce) 
< 0.8 V at Vqc = 5 V, T A = 25°C 

• Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• High-Drive Outputs (-32-mA I 0 h> 
64-mA Iql) 

• Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 

description 

The 'ABT16843 18-bit latch is designed 
specifically for driving highly capacitive or 
relatively low-impedance loads. It is particularly 
suitable for implementing buffer registers, I/O 
ports, bidirectional bus drivers, and working 
registers. 

The 'ABT16843 can be used as two 9-bit latches 
or one 18-bit latch. The eighteen latches are 
transparent D-type latches. The device has 
noninverting data (D) inputs and provides true 
data at its outputs. 

A buffered output-enable (OE) input can be used to place the nine outputs in either a normal logic state (high 
or low levels) or a high-impedance state. The outputs are also in the high-impedance state during power-up and 
power-down conditions. The outputs remain in the high-impedance state while the device is powered-down. In 
the high-impedance state, the outputs neither load nor drive the bus lines significantly. The high-impedance 
state and increased drive provide the capability to drive bus lines without need for interface or pullup 
components. 

The output-enable (OE) input does not affect the internal operations of the latch. Previously stored data can be 
retained or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16843 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 

Copyright © 1993, Texas Instruments Incorporated 
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SN54ABT16843 ... WD PACKAGE 
SN74ABT16843 . . . DL PACKAGE 
(TOP VIEW) 



1CLR[ 1 
10E [ 2 
1Q1 [ 3 

GND [ 4 
1Q2[ 5 
1Q3t 6 

v C c[ 7 

1Q4L 8 
1Q5 [ 9 
1Q6f 10 
GND [ 
1Q7[ 
1Q8t 
1Q9[ 
2Q1 [ 
2Q2[ 
2Q3t 
GND [ 18 
2Q4 [ 19 
2Q5 [ 20 
2Q6 1 21 

V C C [ 22 
2Q7 L 23 
2Q8 [ 24 

GND [ 25 
2Q9 [ 26 
2QE [ 27 

2CLR [ 28 



56]lLE 
55 ] 1 PRE 
54]1D1 
53 ] GND 
52 ] 1D2 
51 ] 1D3 
50 ] V CC 
49 ] 1D4 
48 ] 1D5 
47] 1D6 
46] GND 
45 ] 1D7 
44] 1D8 
43]lD9 
42 ] 2D1 
41 ] 2D2 
40 ] 2D3 
39 ] GND 
38 ] 2D4 
37 ] 2D5 
36 ] 2D6 
35 ] V CC 
34 ] 2D7 
33 ] 2D8 
32 ] GND 
31 ]2D9 
30 ] 2PRE 
29 ] 2LE 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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WITH 3-STATE OUTPUTS 
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description (continued) 

The SN54ABT1 6843 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6843 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 9-bit latch) 



INPUTS 


OUTPUT 


PRE 


CLR 


OE 


LE 


D 


Q 


L 


X 


L 


X 


X 


H 


H 


L 


L 


X 


X 


L 


H 


H 


L 


H 


L 


L 


H 


H 


L 


H 


H 


H 


H 


H 


L 


L 


X 


Qo 


X 


X 


H 


X 


X 


Z 
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logic diagram (positive logic) 



10E 



1PRE 



1CLR 



1LE 



1D1 



55 



Oi 



56 



54 



S2 
C1 
1D 
R 



-cf= 



V 

To Eight Other Channels 



206 -^- 



2PRE 



2CLR 



2LE 



2D1 



30 



— 1> 
On 



28 



On 



29 



O 



42 



S2 
C1 
1D 
R 



1Q1 



15 



2Q1 



UJ 

> 

UJ 
OC 
Q. 

h- 

O 

Q 
O 

cc 



\r — ! 

To Eight Other Channels 
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18-BIT BUS-INTERFACE D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1) — -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 6843 96 mA 

SN74ABT16843 128 mA 

Input clamp current, Iik (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v O < °) ■ -50 m A 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute^maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT16843 


SN74ABT16843 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 




10 


ns/V 


t a 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT16843 


SN74ABT16843 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


VfK 


Vcc = 4.5V, l| = -18 mA 


-1 .2 


-1.2 


-1.2 


V 


VOH 


V CC = 4.5 V, Iqh = - 3 mA 


2.5 


2.5 


2.5 


V 


Vqc = 5 V. Ioh =-3 mA 


3 


3 


3 


VqC = 4 5 v > 'OH = -24 mA 


2 


2 




VQC = 4.5 V, Ioh = - 32 mA 


2+ 




2 


vol 


Vqc = 4 -5 V, Iol = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5V, l 0 L = 64mA 


0.55t 




0.55 


'i 


V C C = 5.5V, V| = V C COrGND 


±1 


±1 


±1 


(xA 


'OZH 


VQC = 5.5 V, Vq = 2.7 V 


50 


50 


50 


|lA 


>OZL 


VQC = 5 5 V, Vq = 0.5 V 


-50 


-50 


-50 




•off 


Vcc = 0> V|orVo<4.5V 


±100 




±100 




•CEX 


VQC = 5.5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


HA 


l 0 § 


VQC = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5V, l O = 0, 
V|-V C corGND 


Outputs high 


500 


500 


500 


mA 


Outputs low 


85 


85 


85 


Outputs disabled 


500 


500 


500 


AlGC 11 


Vcc = 5 5 v > ° ne in P ut at 3-4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5Vor 0.5 V 


3.5 






PF 


C 0 


Vq = 2.5 V or 0.5 V 


7.5 






pF 



t All typical values are at Vqc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 





V C C = 5V, 
T A = 25°C 


SN54ABT16843 


SN74ABT16843 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t w Pulse duration 


CLRlow 


3.3 


3.3 


3.3 


ns 


PRE low 


3.3 


3.3 


3.3 


LE high 


3.3 


3.3 


3.3 


t su Setup time, data before LE4 


High 


1 


1 


1 


ns 


Low 


1 


1 


1 


t n Hold time, data after LEi 


1-4 


1.4 


1.4 


ns 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT16843 


SN74ABT16843 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


D 


Q 


1 .1 


3 


4.4 


1 .1 


Q 


1 .1 


5.2 


ns 


tPHL 


1.4 


3.2 


4.9 


1.4 


5.6 


1.4 


5.4 


tPLH 


LE 


Q 


1-4 


3.6 


5.2 


1.4 


7 


1.4 


6.2 


ns 


tPHL 


1.9 


3.7 


5.1 


1.9 


6.2 


1.9 


5.8 


tPLH 


PRE 


Q 


1 


3.8 


5.9 


1 


7.6 


1 


6.6 


ns 


tPHL 


1.7 


3.6 


5 


1-7 


6 


1.7 


5.6 


*PLH 


CLR 


Q 


1.2 


3.6 


5.1 


1.2 


7.2 


1.2 


6.1 


ns 


tPHL 


2 


4.2 


6.1 


2 


6.9 


2 


6.7 


tpZH 


OE 


Q 


1 


2.9 


4.6 


1 


5.8 


1 


5.7 


ns 


tpZL 


1.4 


3.3 


5.1 


1.4 


5.7 


1.4 


5.6 


tPHZ 


OE 


Q 


2.4 


4.1 


6 


2.4 


6.6 


2.4 


6.5 


ns 


tPLZ 


1.9 


4.2 


6 


1.9 


9.6 


1.9 


7.7 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF ^ 
(see Note A) 



500 ft 

-AAA/ — 



S1 . 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLHfiPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
0V 



Timing Input 



Data Input 



1.5 V 
|\ 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



L J 

tPLH — |* *| 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



*PZL ->) k- 



tPZH 



tPLZ-H h 



| tpHZ"^ f- 



I-0.3V 



3V 
0V 

3.5 V 

vol 



-_^ J- V V OH 



« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT16853, SN74ABT16853 
DUAL 8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 



D4519, OCTOBER 1992 - REVISED DECEMBER 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-lIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-1 7 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-mA I 0 l) 

Parity Error Flag With Parity 
Generator/Checker 

Latch for Storage of the Parity Error Flag 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16853 ... WD PACKAGE 
SN74ABT16853 . . . DL PACKAGE 
(TOP VIEW) 



[1 u 






- 1 


56 


] 10EA 


r p 
L * 


55 


1 1CLR 


I 3 


54 


1 1 PARITY 




53 


1 GND 


r 5 


52 


1 1B1 


r 6 


51 


1 1B2 


r 7 


50 


J V CC 


r 8 


49 


1 1B3 


[ 9 


48 


1 -JB4 


[ 10 


47 


] 1B5 


[ 11 


46 


1 GND 


[ 12 


45 


] 1B6 


r 13 


44 


] 1B7 


r 14 


43 


1 1B8 


[ 15 


42 


1 2B1 


[ 16 


41 


1 2B2 


r 17 


40 


1 2B3 


[18 


39 


]GND 


[19 


38 


]2B4 


[ 20 


37 


]2B5 


[21 


36 


]2B6 


[ 22 


35 


]v cc 


[ 23 


34 


]2B7 


[24 


33 


]2B8 


[25 


32 


]GND 


[ 26 


31 


] 2PARITY 


[27 


30 


]2CLR 


[ 28 


29 


]20EA 



The 'ABT16853 dual 8-bit to 9-bit parity 
transceiver is designed for communication 
between data buses. When data is transmitted 
from the A bus to the B bus, a parity bit is 
generated. When data is transmitted from the B 2 
bus to the A bus with its correspon ding p arity bit, 
the open-collector parity-error (ERR) output 2 
indicates whether or not an error in the B da ta has 
occurred. The output-enable (OEA and OEB) 
inputs can be used to disable the device so that the 
buses are effectively isolated. The 'ABT16853 
provides true data at its outputs. 

A 9-bit p arity g enerator/checker generates a parity-odd (PARITY) output and monitors the parity of the I/O ports 
with the ERR flag. The parity -erro r output can be passed, sa mpled , stor ed, o r cleared from the latch using the 
latch-enable (LE) and clear (CLR) control inputs. When both OEA and OEB are low, data is transferred from 
the A bus to the B bus, and inverted parity is generated. Inverted parity is a forced error condition that gives the 
designer more system diagnostic capability. 

To ensure the high-impedance state during power up or power down, OE should be tied to V<x through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16853 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT16853 is characterized for operation over the full military temperature range of-55°C to 125°C. 
The SN74ABT1 6853 is characterized for operation from -40°C to 85°C. 



EPIC-IIB and Widebus are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1 992, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to —Wll 
specifications per the terms of Texas Instruments standard warranty. wV9 TVv AO 

Production processing does not necessarily include testing of all I I** 1 . X/\^ 
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FUNCTION TABLE 



INPUTS 


OUTPUT AND I/O 




OlB 


OEA 


CLR 


LE 


Ai 
SOFH 


Bit 
SOFH 


A 


B 


PARITY 


ERR* 


FUNCTION 


L 


H 


X 


X 


Odd 
Even 


NA 


NA 


A 


L 
H 


NA 


A data to B bus and 
generate parity 


H 


L 


X 


L 


NA 


Odd 
Even 


B 


NA 


NA 


H 
L 


B data to A bus and 
check parity 


H 


L 


H 


H 


NA 


X 


X 


NA 


NA 


NC 


Store error flag 


X 


X 


L 


H 


X 


X 


X 


NA 


NA 


H 


Clear error flag register 






H 


H 


X 










NC 




H 


H 


L 
X 
X 


H 
L 
L 


X 

LOdd 
H Even 


X 


Z 


Z 


Z 


H 
H 
L 


lsolation§ 
(parity check) 


L 


L 


X 


X 


Odd 
Even 


NA 


NA 


A 


H 
L 


NA 


A data to B bus and 
generate inverted parity 



NA = not applicable, NC = no change, X = don't care 

t Summation of high-level inputs in clude s PARITY along with Bi inputs. 

t Output states sh own a ssume the ERR output was previously high. 

§ In this mode, the ERR output (when clocked) shows inverted parity of the A bus. 
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logic diagram (each transceiver) (positive logic) 

A1-A8 — «-> / 



OEB 



OEA 



r-to 



LE- 
CLR" 




B1-B8 



PARITY 



ERR 



ERROR FLAG FUNCTION TABLE 



INPUTS 


INTERNAL 

TO DEVICE wu,ru « 


OUTPUT 
ERR 


FUNCTION 


CLR LE 


POINT P ERRn^t 


L L 


L 

X 

H 


L 
H 


Pass 


H L 


L X 
X L 
H H 


L 
L 
H 


Sample 


L H 


X X 


H 


Clear 


H H 


L 

X 

H 


L 
H 


Store 



t The state of the ERR output before any changes at CLR, LE, or point P 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 3-221 



SN54ABT1 6853, SN74ABT1 6853 

DUAL 8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 



D4519, OCTOBER 1992 - REVISED DECEMBER 1992 

error-flag waveforms 



OEB 



OEA 




LE 



CLR 



™n_n_n. 



i i 
i i 

n 



-►j* — Store — ►] j 

I I I 

Clear 



Sample - 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -°-5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 6853 — 96 mA 

SN74ABT16853 128 mA 

Input clamp current, l|« (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v O < °) • ~ 50 mA 

Maximum power dissipation at TX = 55°C (in still air): DL package 1 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 









SN54ABT16853 


SN74ABT16853 


UNIT 








MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 ,a 


2 


V 


V| L 


Low-level input voltage 






0.8 


V 


V| 


Input voltage 




0 


Jcc 


0 


vcc 


V 


VOH 


High-level output voltage 


ERR 


, 5.5 


5.5 


V 


'OH 


High-level output current 


Except ERR 




-24 


-32 


mA 


'OL 


Low-level output current 






64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T/^ = 25°C 


CME/I A DTI COCO 

&N54AD 11 Oo53 


CM7>I A DTI COCO 

ON74ABT I Oo53 


UNIT 


MIM TVDt MAV 

MIN TYPI MAX 


MIM MAV 

MIN MAX 


MIM MAV 

MIN MAX 


V IK 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


v 


V 0H 


Vcc = 4.5 V, l 0 H=-3mA 


All outputs 
except ERR 


2.5 3 


2.5 




V 


Vcc = 5 V, loH=-3mA 


3 3.4 


3 


3 


V C C = 4.5 V, l0H="24mA 




2 




Vcc = 4.5 V loH = -32mA 


2* 2.7 




2 


vol 


Vcc = 4.5 V, Iol = 24 mA 


0.25 0.55 


0.55 




V 


Vcc = 4.5 V, lQL = 64mA 


0.3 0.55+ 




0.55 


'OH 


V C C = 4.5 V, V 0 H = 5.5V 


ERR 


20 


20 


20 


uA 


ll 


V C C = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


±a 


±1 


uA 


A or B ports 


±100 


±100 


±100 


IlL 


Vcc = 0 V, V| = GND 


A or B ports 


-50 


r-50 


-50 


HA 


"OZH § 


Vcc = 5-5 V, Vo = 2.7 V 


50 


50 


50 


HA 


'OZL § 


V C C = 5-5 V, Vo = 0.5 V 


-50 


-50 


-50 


|iA 


'off 


Vcc = 0. V|orV 0 <4.5V 


±100 




±100 


|iA 


'CEX 


V C C = 5.5 V, Vq = 5.5V 


Outputs high 


50 


<< 50 


50 


ma 




Vcc = 5-5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C c = 5.5 V, 

io = o, 

V| = V C CorGND 


A or B ports 


Outputs high 


1.5 2 


2 


2 


mA 


Outputs low 


32 40 


40 


40 


Outputs 
disabled 


1 2 


2 


2 


Alcc # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


50 


50 


50 


HA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 




Vo = 2.5Vor 0.5 V 


A or B ports 


9 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§The parameters IqzH and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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SN54ABT16853, SN74ABT16853 ' 

DUAL 8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 



D4519, OCTOBER 1992- REVISED DECEMBER 1992 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5V, 
Ta = 25°C 


SN54ABT16853 


SN74ABT16853 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t w Pulse duration 


LE high or low 


8.5 


8.5 


8.5 


ns 


CLR low 


4 




4 


t su Setup time 


A, B, and PARITY before LEi 


10 


10, 


10 


ns 


CLR before LEi 


0 




0 


th Hold time 


A, B, and PARITY after LEX 


0 




0 


ns 


CLR after LEi 


0 


0 


0 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC = 5V, 
Ta = 25°C 


SN54ABT16853 


SN74ABT16853 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


AorB 


BorA 


1.5 


2.5 


3.3 


1.5 


4.2 


1.5 


4.1 


ns 


tPHL 


2 


3.1 


3.9 


2 


4.5 


2 


4.3 


tPLH 


AorOE 


PARITY 


2 


4.6 


5.9 


2 


7.3 


2 


7.1 


ns 


tPHL 


2 


4.8 


6.2 


2 


7.6 


2 


7.2 


tPLH 


CLR 


ERR 


2 


3.7 


5.1 


2 




2 


5.7 


ns 


tpZH 


OE 


AorB 


2 


3.9 


4.9 


2 


5.8 


2 , 


5.6 


ns 


tpZL 


2.5 


4.3 


5.1 


2.5 


Y 6.2 


2.5 


6 


tPHZ 


OE 


A or B 


2 


3.6 


4.5 


2' : 


5.5 


2 


5.4 


ns 


tPLZ 


1.5 


3 


3.8 


1,5 


4.7 


1.5 


4.3 


tpZH 


OE 


PARITY 


2 


3.6 


5 


r 2 


5.8 


2 


5.7 


ns 


tp Z L 


2.5 


4.4 


5.8 


2.5 


6.7 


2.5 


6.5 


tPHZ 


OE 


PARITY 


1.5 


3.2 


4 


1.5 


4.8 


1.5 


4.7 


ns 


tPLZ 


1.5 


2.9 


3.7 


1.5 


4.2 


1.5 


4.1 


tPLH 


LE 


ERR 


2 


3.5 


4.2 


2 


5 


2 


4.8 


ns 


tPHL 


2 


3.4 


4.4 


2 


5.2 


2 


4.9 


tPLH 


A, B, or PARITY 


ERR 


2 


4.5 


6.3 


2 


7.5 


2 


7.2 


ns 


tPHL 


2 


4.8 


6.3 


2 


7.7 


2 


7.4 
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SN54ABT16853, SN74ABT16853 
DUAL 8-BIT TO 9-BIT PARITY BUS TRANSCEIVERS 

D4519, OCTOBER 1992 - REVISED DECEMBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C[_ = 50 pF ^ 
(see Note A) 



Input 



500 n 

— AA/V— 



o 7V 

O Open 
9 GND 



500 Q. 



LOAD CIRCUIT FOR OUTPUTS 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
0V 



Timing Input 



Data Input 



TEST 


S1 


tpLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open , 
7V 
Open 



ERR 


S1 


tpHL (see Note E) 
tp|_H (see Note F) 


7V 
7V 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output Yl 
Control ^ 

tpZL-^| 



1.5 V 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



1 tpLZ-*j 



"\l.5V Y 

\ / VQL + 0-3V 



tpZH -*| |«- 



| tpHZ-^ |4- 



3 V 



3V 
0V 

3.5 V 

vol 

V 0 H 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

E. tpHL is measured at 1 .5 V. 

F. tp|_H is measured at Vql + 0.3 V. 



Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16863, SN74ABT16863 
18-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JUNE 1993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-UB ™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
Distributed V C c and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA Iqh> 
64-itiAIol) 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT16863 ... WD PACKAGE 
SN74ABT16863 . . . DL PACKAGE 
(TOP VIEW) 



description 



ioeabC 1 

1B1 [ 2 
1B2[ 3 
GND[ 4 
1B3[ 5 
1B4[ 6 

v cc [ 7 

1B5[ 8 
1B6E& 
1B7[ 10 
GND[ 11 
1B8t 12 
1B9[ 13 
GND[ 14 
GNDt 15 
2B1 [ 16 
2B2[ 17 
GNDt 18 
2B3[ 19 
2B4[ 20 
2B5[ 21 

VcJ 22 
2B6 [ 23 
2B7[ 24 
GND [ 25 
2B8 [ 26 
2B9 [ 27 
20EAB[ 28 



56 ] 10EBA 
55 ] 1A1 
54 ] 1A2 
53 ] GND 
52 ] 1A3 
51 ] 1A4 
50 ] V cc 
49 ] 1A5 
48 ] 1A6 
47 ] 1A7 
46 ] GND 
45 ] 1A8 
44 ] 1A9 
43 ] GND 
42 ] GND 
41 ] 2A1 
40 ] 2A2 
39 ] GND 
38 ] 2A3 
37 ] 2A4 
36 ] 2A5 
35 ] V CC 
34 ] 2A6 
33 ] 2A7 
32 ] GND 
31 ] 2A8 
30 ] 2A9 
29]20EBA 



The 'ABT16863 is an 18-bit noninverting 
transceiver designed for asynchronous 
communication between data buses. The control 
function implementation minimizes external 
timing requirements. 

The 'ABT16863 can be used as two 9-bit 
transceivers or one 18-bit transceiver. It allows 
data transmission from the A bus to the B bus or 
from the B bus to the A bus de pending u pon the 
logic level at the output-enable (OEAB or OEBA) 
inputs. 

The outputs are in the high-impedance state during power-up and power-down conditions. The outputs remain 
in the high-impedance state while the device is powered down. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16863 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6863 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT16863 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 9-bit section) 



INPUTS 


OPERATION 


OEAB OEBA 


H L 
L H 
H H 


B data to A bus 
A data to B bus 
Isolation 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
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SN54ABT16863, SN74ABT16863 
18-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED JUNE 1 993 



logic symbolt 



10EBA 



10EAB 



20EBA 



20EAB 
1A1 

1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
1A9 
2A1 

2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 
2A9 



56 


IN 


EN1 




1 






IS 


EN2 
EN3 
EN4 




29 


IS 




28 


IS 











logic diagram (positive logic) 

<t> — 



10EBA 



55 



54 



52 



51 



49 



48 



47 



45 



44 



41 



40 



38 



37 



36 



34 



33 



31 



30 



V 1 



2V 



V 3 



4V 



— « 








3 


— «-►- 


5 


— 


6 


— 


8 


w 

9 


w 


10 


— 4-*— 


12 


— 


13 


— 


16 








17 


— 


19 




20 


— 4+— 


21 


— 4->— 


23 


— 
— 


24 




26 


— 
— 


27 



1B1 

1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
1B9 
2B1 

2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 
2B9 



10EAB 



1A1 



MS 



55 



To Eight Other Channels 



1B1 



20EBA 



20EAB 



29 



28 



2A1 







41 H 








> < 








f 



16 



2B1 



To Eight Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc >■ -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq — -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT16863 96 mA 

SN74ABT1 6863 1 28 mA 

Input clamp current, l|K ( v i < 0) -18 mA 

Output clamp current, Iqk ( v 0 < °) ■ • ■ ■ -50mA 

Maximum power dissipation at Ta = 55°C (in still air) 1 W 

Storage temperature range — -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absoiute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT16863, SN74ABT16863 
18-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JUNE 1993 



recommended operating conditions (see Note 2) 





SN54ABT16863 


SN74ABT16863 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


4.5 5.5 


4.5 5.5 


V 


V|h High-level input voltage 


— 2 


2 


V 


V||_ Low-level input voltage 


- — 


0.8 


V 


V| Input voltage 


o.cfvcc 


o v C c 


V 


•OH High-level output current 


# "24 


-32 


mA 


lOL Low-level output current 


iT 48 


64 


mA 


At/Av Input transition rise or fall rate Outputs enabled 


C 10 


10 


ns/V 


Ta Operating free-air temperature 


-55 125 


-40 85 


°C 


NOTE 2: Unused or floating inputs must be held high or low. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT1 6863 


SN74ABT16863 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1 .2 


-1.2 


-1.2 


V 


VOH 


VCC = 4.5 V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


V C C = 5 V, loH = -3mA 


3 


3 


3 


Vcc = 4.5 V, Iqh = - 24 mA 


2 


2 




Vcc = 4.5 V, l0H = -32mA 


2t 




2 


vol 


Vcc = 4.5 V, loi_ = 48mA 


0.55 


0.55 




V 


VCC = 4-5 V, l 0 L = 64 mA 


0.55* 




0.55 


ii 


V C C = 5.5 V, 

V| = Vcc ° r G ND 


Control inputs. 


±1 




±1 


MA 


A or B ports 


±100 




±100 


'OZH§ 


Vcc = 5.5 V, Vo = 2.7V 


50 




50 


|iA 


"OZL§ 


Vcc = 5-5 V, V 0 = 0.5 V 


-50 




-50 


|xA 


'off 


Vcc = 0. V| or Vq < 4.5 V 


±100 




±100 




'CEX 


Vcc = 5.5 V, Vq = 5.5 V Outputs high 


50 


— r y 50 


50 


HA 


l 0 1 


V C C = 5.5 V, V 0 = 2.5V 


-50 -100 -180 


— ip- 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o, 

V| = Vcc or 
GND 


A or B 
ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


Alcc # 


V C C = 5.5 V, 
One input at 
3.4 V, 

Other inputs at 
Vcc or GND 


Data 
inputs 


Outputs enabled 


1 


1.5 


1 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3.5 






PF 


Cj 0 


Vq = 2.5 V or 0.5 V 


A or B ports 


9.5 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters Iqzh and 'OZL include the input leakage current. 

1i Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABTT6863, SN74ABT16863 
18-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JUNE 1993 . 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Ci_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 5V, 
T A = 25°C 


SN54ABT16863 


SN74ABT16863 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A or B 


Bor A 


1 


2.2 


3.2 


1 37 


1 


3.5 


ns 


tPHL 


1 


2.2 


3.4 


1 4.2 


1 


3.9 


tPZH 


OEBA or OEAB 


AorB 


1 


2.9 


4.5 


1 5.7 


1 


5.4 


ns 


tPZL 


1 


2.6 


4.1 


t 5.2 


1 


4.8 


tPHZ 


OEBA or OEAB 


A or B 


1.6 


4.1 


5.4 


1.6 


6.3 


1.6 


6 


ns 


tPLZ 


1.5 


3.3 


4.5 


1.5 


5.3 


1.5 


5 



PROdUCi HHfcVibW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT16863, SN74ABT16863 
18-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED JUNE 1 993 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 n 

-AAA/ — 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLH^PHL 
tPLZ'tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



XiE 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



} <i.5v y g7 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
OV 



Input 
(see Note B) 



Output 



Output 



ZX 1 - 5V XEI 



tPLH 



1.5 V 



tpHLH* H 



1.5 V 



tPLH 



"\ ^1.5V 



1.5 V 



3V 
OV 

V 0 H 

vol 

VOH 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPZL -*j k— 

! tpLZ"^ L 



\l.5V Y 

\ * / vql + 0-: 

i tpHz-^ k- 
^zh-^ r«- \ 



3V 
0V 

3.5 V 

vol 



VOH 



« 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT16952, SN74ABT16952 
16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS082A - D3801 , FEBRUARY 1991 - REVISED OCTOBER 1992 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EP/C-IIS™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA I 0 h> 
64-mAlQL) 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16952 ... WD PACKAGE 
SN74ABT16952 . . . DGG OR DL PACKAGE 
(TOP VIEW) 





— r~r 

1 






10EAB[ 


56 


] 10EBA 


1CLKAB[ 


2 


55 


] 1CLKBA 


1CLKENAB[ 


3 


54 


] 1CLKENBA 


gnd[ 


4 


53 


]gnd 


1A1 [ 


5 


52 


] 1B1 


1A2[ 


6 


51 


] 1B2 


v C c[ 




50 


]v cc 


1A3[ 


8 


49 


] 1B3 


1A4[ 


9 


48 


] 1B4 


1A5[ 


10 


47 


] 1B5 


gnd[ 


11 


46 


]gnd 


1A6[ 


12 


45 


] 1B6 


1A7[ 


13 


44 


] 1B7 


1A8[ 


14 


43 


] 1B8 


2A1 [ 


15 


42 


]2B1 


2A2[ 


16 


41 


]2B2 


2A3[ 


17 


40 


] 2B3 


gnd[ 


18 


39 


] GND 


2A4[ 


19 


38 


] 2B4 


2A5[ 


20 


37 


] 2B5 


2A6[ 


21 


36 


] 2B6 


v cc [ 


22 


35 


]v cc 


2A7[ 


23 


34 


] 2B7 


2A8[ 


24 


33 


] 2B8 


gnd[ 


25 


32 


] GND 


2CLKENAB [ 


26 


31 


] 2CLKENBA 


2CLKAB [ 


27 


30 


] 2CLKBA 


20EAB [ 


28 


29 


] 20EBA 



The 'ABT16952 is a 16-bit registered transceiver 
that contains two sets of D-type flip-flops for 
temporary storage of data flowing in either 
direction. The 'ABT1 6952 can be used as two 8-bit 
transceivers or one 1 6-bit transceiver. Data on the 
A or B bus is stored in the registers on the 
low-to-high transition of the clock (CLKAB or 
CLKBA) in pu t provided that the clock-enable 
(CLKENAB or C LKENB A) in put is lo w. Taking the 
output-enable (OEAB or OEBA) input low 
accesses the data on either port. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16952 is packaged in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 6952 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 6952 is characterized for operation from -40°C to 85°C. 



Widebus and EPiC-IIB are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION h Copyright © 1992, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to ^UTl _ 

specifications per the terms of Texas Instruments standard warranty. wV0 TVjv A o 

Production processing does not necessarily include testing of all \f ltl/V/vO 



Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 3-233 



SN54ABT16952, SN74ABT16952 
16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS082A - D3801, FEBRUARY 1991 - REVISED OCTOBER 1992 



FUNCTION TABLET 



INPUTS 


OUTPUT 
B 




CLKAB 




A 


CLKENAB 


OEAB 


H 


X 


L 


X 


B 0 * 


X 


L 


L 


X 


B 0 * 


L 


t 


L 


L 


L 


L 


t 


L 


H 


H 


X 


X 


H 


X 


Z 



t A-to-B data flow is shown; B-to-A data flow is similar 



but uses CLKENBA, CLKBA, and OEBA. 
t Level of B before the indicated steady-state input 
conditions were established. 
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WITH 3-STATE OUTPUTS 
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logic symbolt 



10EBA 

1CLKENBA 
1CLKBA 



10EAB 
1CLKENAB 
1CLKAB 



20EBA 
2CLKENBA 
2CLKBA 



20EAB 

2CLKENAB 
2CLKAB 

1A1 

1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
2A1 

2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



56 




54 


rs 


55 








1 


r\ 


3 


s 


2 


29 


IS 


31 


K 


30 


28 


rs 


26 




27 


5 





10 



12 



13 



14 



15 



16 



17 



19 



20 



21 



23 



24 



EN3 
G1 

> 1C5 
EN4 
G2 

> 2C6 
EN9 
G7 

> 7C11 
EN10 
G8 



tr 



V 3 



6D 



V 9 



12D 



5D 



4 V 



11D 



10 V 



-0- 



52 



51 



49 



48 



47 



45 



44 



43 



42 



41 



40 



38 



37 



36 



34 



33 



1B1 

1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
2B1 

2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 



1CLKENAB 
1CLKAB 



O 



10EBA 



1A1 



56 



On 



1 of 8 
Channels 



ci<4 

CE 
1D 



> C1 

CE 

1D 



< 



<3> 



54 



55 



1CLKENBA 
1CLKBA 



10EAB 



52 



1B1 



V 

To Seven Other Channels 



2CLKENAB 
2CLKAB 



26 



27 



O 



20EBA 



29 



On 



2A1 



15 



1 Of 8 
Channels 



C1<| 
CE 
1D 



>C1 
CE 
1D 



< 



31 



30 



r4 



2CLKENBA 
2CLKBA 



28 



20EAB 



CM 



42 



2B1 



\ / 

To Seven Other Channels 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q\ SN54ABT1 6952 — 96 mA 

SN74ABT1 6952 128mA 

Input clamp current, Iik ( v l < 0) . -18 mA 

Output clamp current, Iqk ( v 0 < °) ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 1 W 

DL package — 1 W 

Storage temperature range ........ -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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WITH 3-STATE OUTPUTS 
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NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT16952 


SN74ABT16952 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


$5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 , 


V 


V|L 


Low-level input voltage 




x 0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 




-24 


-32 


mA 


"OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT16952 


SN74ABT16952 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V C C = 4-5V, IOH = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, loH = -3mA 


3 


3 


3 


Vcc = 4-5V, l0H = -24mA 


2 


2 




V C c = 4.5 V, l0H = ~32mA 


2* 




2 


vol 


Vcc = 4-5 V, Iol = 48 mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


"i 


V C C = 5.5 V, 
V| = V C c or GND 


Control inputs 


±1 


. ±1 


±1 


HA 


A or B ports 


±100 


±100 


±100 


>OZH§ 


V C C = 5.5 V, Vo = 2.7 V 


50 


50 


50 




'OZL§ 


Vcc = 5-5 V, V 0 = 0.5 V 


-50 


-50 


-50 


HA 


'off 


Vcc = °. v | or Vo < 4.5 V 


±100 




±100 


ma 


'CEX 


Vcc = 5-5 V, Vo = 5.5 V Outputs high 


50 


50 


50 


uA 


l 0 1 


VCC = 5.5 V, V 0 = 2.5V 


-50 -100 -200 


-50 -200 


-50 -200 


mA 


'cc 


Vcc = 5-5 V, 

io = o, 

V| = Vcc or GND 


A or B 
ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


35 


35 


35 


Outputs disabled 


2 


2 


2 


Alcc # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


0.5 


0.5 


0.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 


Cio 


Vq = 2.5 V or 0.5 V 


A or B ports 


8.5 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters IqzH an d 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PRODUCT PREVIEW information concerns products in the formative or 

design phase of development. Characteristic data and other ■ 
specifications are design goals. Texas Instruments reserves the right to TV. V » ^ 

change or discontinue these products without notice. I r XAv^ 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





VCC = 5 V, 
T A = 25°C 


SN54ABT16952 


SN74ABT16952 


utorr 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 150 


0 150 


0 150 


MHz 


t w t Pulse duration, CLKAB or CLKBA high or low 


3.3 


3.3 


3.3 


ns 


t su Setup time, before CLKABt or CLKBAt 


A or B 


3.5 


3.5 


3.5 


ns 


CLKENAB or 
CLKENBA 


3 


3 


3 


t h Hold time, after CLKABt or CLKBAt 


A or B 


1 


1 


1 


ns 


CLKENAB or 
CLKENBA 


1 


1 


1 



t This parameter is specified by design but not tested. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT16952 


SN74ABT16952 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 






150 


150 


150 


MHz 


tPLH 


CLK 


A or B 


1 


2.6 


3.9 


1 


4.4 , 


1 


4.3 


ns 


tPHL 


1 


2.6 


4.2 


1 


4.6 


1 


4.5 


tpZH 


OE 


A or B 


1 


2.5 


3.8 


1 


4.7 


1 


4.6 


ns 


tpZL 


1 


2.8 


5.1 


1 


6.1 


1 


6 


tPHZ 


OE 


AorB 


1-7 


3.4 


4.7 


1.7 


6.1 


1.7 


5.5 


ns 


tPLZ 


1.3 


3 


3.9 


1.3 


4.8 


1.3 


4.2 



PRODUCT PREVIEW information concerns products in the formative cr 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF ^ 
(see Note A) 



500 Q 

-AAAr- 



500 Q 



7V 



S1 



O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ/tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.j 



Timing Input 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 




3 V 
0V 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



0utput ViTv Vl.5V 
Control A\_ A 



tPZL 



I 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZH 



3 V 
0V 

3.5 V 



\ | / ypl^sv Vql 

| tpHZ-^ ^~ 



\ I 



VQH-0.3V 



VOH 



« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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General Information 


1 


ABT Octals 




ABTWidebus™ 


~ 


ABTE/ETL Widebus™ 


ABT Wldebu8+™ 


5 


ABT Memory Drivers 


6 


ABT 25-Q Incident-Wave Switching Drivers |Q 


Futurebus+/BTL Transceivers 


8 


ABT JTAG/IEEE 1149.1 


9 


LVT JTAG/IEEE 1149.1 


10 


LVT Octals 


11 


LVT Widebus™ 


12 


LVT Memory Drivers 


"l3 


LVT/GTL Widebus™ 


14 


Application Notes and Articles 


15 


ABT Characterization Information 


16 


Mechanical Data 


17 
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ABTE/ETL Widebus™ 
Features Benefits 



Supports the VME64 ETL specification 

Reduced, TTL-compatible, input threshold 
range 

JEDEC standard 48-/56-pin SSOP 
package 

New EIAJ standard Shrink Widebus™ 
TSSOP package 

Flow-through package pinout organizes all 
inputs on one side and all outputs on the 
other side 

Distributed Vqc and GND pinouts 

High-drive outputs (Iqh = ~ 60 mA > 
Iql = 90 mA) 

25-Q series-damping resistor on B port 



• Improved propagation delay versus 
number of outputs switching. Superior 
pin-to-pin output skew; 15-20% faster 
speed 

• 30% board space improvement over 
SSOP Widebus™ package; meets 1.1 -mm 
height requirements for memory card and 
other thin applications 

• Minimized mutual coupling and 2:1 
l/O-to-GND rates result in < 0.8-V 
simultaneous switching noise typically 



SN74ABTE16245 

16-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 



Supports the VME64 ETL Specification 
Reduced, TTL-Compatible, Input Threshold 
Range 

High-Drive Outputs (Iqh = -60 mA, 

Iql = 90 m A) Support 25-Q Incident-Wave 

Switching 

V CC BIAS Pin Minimizes Signal Distortion 
During Live Insertion 

Internal Pullup Resistor on OE Keeps 
Outputs in High-Impedance State During 
Power Up or Power Down 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EP/C-IIS™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
25-Q Series-Dampening Resistor on B Port 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages 



DGG OR DL PACKAGE 
(TOP VIEW) 



description 



1DIR[ 1 
1B1 [ 2 
2B1 [ 3 

GND[ 4 
1B2[ 5 
2B2[ 6 

v cc [ 7 

1B3[ 8 
2B3[ 9 

GND[ 10 
1B4[ 11 
2B4[ 12 
1B5[ 13 
2B5[ 14 

GND[ 15 
1B6[ 16 
2B6[ 17 

V CC [ 18 
1B7[ 19 
2B7 [ 20 

GND[ 21 
1B8[ 22 
2B8 [ 23 

2DIR[ 24 



XT 



] V CC BIAS 
] 1A1 
]2A1 

]gnd 

] 1A2 
]2A2 

]v cc 

] 1A3 
]2A3 

]gnd 

] 1A4 



37 ] 2A4 
] 1A5 



36 

35 p 2A5 
34 ] GND 
33 ] 1A6 
32 ] 2A6 
31 ] V CC 
30 ] 1A7 
29 ] 2A7 
28 ] GND 
27 ] 1A8 
26 ] 2A8 
25 ]OE 



The SN74ABTE16245 is a 16-bit (dual-octal) 
noninverting 3-state transceiver designed for 
synchronous two-way communication between 
data buses. The control function implementation 
minimizes external timing requirements. 

This device can be used as two 8-bit transceivers or one 1 6-bit transceiver. It allows data transmission from the 
A bus to the B bus or from the B bus to the A bus depending upon the logic level at the direction-control (DIR) 
input. The output-enable (OE) input can be used to disable the device so that the buses are effectively isolated. 

The B port has a 25-Q series output resistor to reduce ringing. Active bus-hold inputs are also found on the B port 
to hold unused or floating inputs at a valid logic level. 

The A port provides for the precharging of the outputs via Vcc B, AS, which establishes a voltage between 1 .3 V 
and 1 .7 V when Vqq is not connected. 

The SN74ABTE16245 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN74ABTE16245 is characterized for operation from -40°C to 85°C. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 993, Texas Instruments Incorporated 

design phase of development. Characteristic data and other W arn 
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SN74ABTE16245 

16-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

JULY 1993 , 



FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 



logic diagram (positive logic) 




To Seven Other Channels To Seven Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc -0*5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq — -0.5 V to 7 V 

Current into any output in the low state, Iq ■ ■ ■ 128 mA 

Input clamp current, Ijk (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) -50mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is hot 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN74ABTE16245 

16-BIT INCIDENT- WAVE SWITCHING BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 



recommended operating conditions (see Note 2) 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 




4.75 


5.25 


V 


V|H 


High-level input voltage 


Except control pins 


1.6 


V 


Control pins 


2 


V 


V|L 


Low-level input voltage 


Except control pins 


1.4 


V 


Control pins 


0.8 


V 


V| 


Input voltage 




0 


vcc 


V 


'OH 


High-level output current 


B bus 


-12 


mA 


lOL 


Low-level output current 


B bus 


12 


mA 


'OH 


High-level output current 


A bus 


-32 


mA 


-60t 


lOL 


Low-level output current 


A bus 


64 


mA 


90T 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


ns/V 


T A 


Operating free-air temperature 




-40 


85 


°C 



NOTE 2: Unused or floating pins (input or A-bus I/O) must be held high or low. 
t Current duty cycle < 50%, f > 1 kHz 
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SN74ABTE16245 

16-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

JULY 1993 . ,; ■ . 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


V|K 


Vcc = 4.75 V, l| = -18mA 


-1.2 


V 


VOH 


Bport 


V C C = 5.25 V 


Iqh = -100|iA 


vcc-1 


V 


Vcc = 4.75 V 


Iqh = - 1 mA 


2.4 


lOH = "" 12 m A 


2 


A port 


Vcc = 4.75 V 


lOH = ~ 1 mA 


4 


lOH = - 32 mA 


2.4 


Iqh = - 60 mA 


2 


vol 


Bport 


VCC = 4 -75 V 


Ioj_= 1 mA 


0.4 


V 


IOL= 12r n A 


0.8 


A port 


VCC = 4-75V 


lOL = 64 mA 


0.55 


lOL = 90 mA 


0.9 


'l(hold) 


Bport 


Vcc = 4-75 V 


V| = 0.8 V 


100 


uA 


V| = 2V 


-100 


"I 


Control inputs 


Vcc = 5.25 V, V| = VccorGND 


±1 


uA 


A or B ports 


±100 


•OZH 1 " 


Vcc = 5.25 V, Vo = 2.4V 


10 


uA 


lOZLt 


Vcc = 5.25 V, Vq = 0.4V 


-10 




'off 


Vcc = 0. VccBIAS =0 V| or Vq < 4.5 V 


±100 


^iA 


'cc 


A or B ports 


Vcc = 5.25 V, l o = 0, 
V| - V C C or GND 


Outputs high 




mA 


Outputs low 




Outputs disabled 




Cj 


Control inputs 


V| = 2.5 V or 0.5 V 




PF 




B port 


Vo = 2.5 V or 0.5 V 


9 


PF 


A port 


Per IEEE 1194.0-1991 


9 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

$ The parameters Iqzh and 'OZL include the input leakage current. 



live insertion specifications over recommended operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP MAX 


UNIT 


>CC (VCCBIAS) 


VCC = 0 10 4-75 V, 


VccBIAS = 4.75 V to 5.25 V, 


lO(DC) = 0 


500 


uA 


Vcc = 4-75 V to 5.25 V, 


VccBIAS = 4.75 V to 5.25 V, 


'O(DC) = 0 


20 


v 0 


v C c = o. 


VccBIAS = 4.75 V 


A port 


1.3 


1.5 1.7 


V 


"O 


v C c = o, v 0 = o, 


VccBIAS = 4.75 V 


A port 


-20 


-100 


uA 


VCC = 0, V 0 = 3V, 


VccBIAS = 4.75 V 


20 


100 
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SN74ABTE16245 

16-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVER 

WITH 3-STATE OUTPUTS 



extended output characteristics over recommended temperature and supply operating ranges 
(see Figures 1 and 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


LOAD 


MIN TYP MAX 


UNIT 


tsk(pr) T 


A 


B 


V CC = Constant, 
AT A = 20°C 




2.5 


ns 


B 


A 


Zo = 50 Q, Rx = 55.6 Q 


4 


tsk(load) T 


B 


A 


Vcc = Constant, 
Temperature = Constant 


Zo = 50, 25, or 12.5 a 
RX = 55.6, 26.3, or 12.8 Q 


4 


ns 




B 


A 


Time between 1 V and 2 V 


Zq= 25 Q, R X = 26.3 £2 


1.2 3 


ns 


A 


B 


Rise or fall time 10%-90% 




3 



T tsk(pr) + t S k(load)<6ns 



1B1 



Y 



1A1 



tPLM 



1B2 



Y 



*PHL1 



X 



Y 



Y 



h — n 

k ^— tpLH3 



i 



Y 



^ tpHL4 



1A2 



*PHL2 



Y 



tPLH2 



Y 



*PHL3 



*PLH4 



Output skew, t S k(p r ), is calculated as the greater of the difference between the fastest and slowest of tp[_n and tpuL (e-9-. tpLHn. n = 1 to 1 6; and 
tpHLn. n = 1 to 16), with any combination of the inputs switching coincidently. 

Figure 1 . Voltage Waveforms for Extended Characteristics 
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SN74ABTE16245 

16-BIT INCIDENT-WAVE SWITCHING BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

JULY 1993 



PARAMETER MEASUREMENT INFORMATION 



7V 



O Open 



3.65 V 



500 Q 



From Output 
Under Test 



C L = 50 pF 
(see Note A) 



R x t 

o WW 



500 a 



94 Q 



2nF 



tR x = 12.8, 26.3, 55.6 Q 
LOAD CIRCUIT FOR OUTPUTS 



Input 
(see Note 



,ut J ~x 

B) ^ 1.5 V ^1.5 V 



*PLH T~ 
Output 



W *j *PHL 



jf \SV S ^1.5V 



3V 
0V 

VOH 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



TEST 


S1 


S2 


tPLH'tpHL (A port) 


Down 


X 


*PLH/tpHL (B port) 


Up 


Open 


tPLZ^PZL 


Up 


7V 


tPHZ/tPZH 


Up 


Open 



Output 
Control 
(low-level 
enabling) 



\1.5V /l.5V 
7L 



tPZL- 



Output 
Waveform 1 
S2 at 7 V 
(see Note C) 

Output 
Waveform 2 
S2 at Open 
(see Note C) 



i 

tPLZ-*| N- 



3V 



0V 



3.5 V 



tPHz-^ k- 



Vol + 0.3 V 

vol 



tpZH -H |4- 



- V 0 H 
VQH-0.3V 



= 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN74ABTE16246 

11-BIT INCIDENT-WAVE SWITCHING BUS-CONTROL TRANSCEIVER 
WITH 3-STATE AND OPEN-COLLECTOR OUTPUTS 

JULY 1993 



Supports the VME64 ETL Specification 
Reduced, TTL-Compatible, Input Threshold 
Range 

High-Drive Outputs (Iqh = ~ 60 mA > 

•ol = 90 mA ) Support 25-12 Incident-Wave 

Switching 

VqqBIAS Pin Minimizes Signal Distortion 
During Live Insertion 
Internal Pullup Resistor on OE Keeps 
Outputs in High-Impedance State During 
Power Up or Power Down 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
25-£2 Series-Dampening Resistor on B Port 
Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 
Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages 



DGG OR DL PACKAGE 
(TOP VIEW) 



description 



hoea[ 

11DIR[ 
11B[ 

gnd[ 
iob[ 

9B[ 

Vcc[ 

8Bl[ 
8BO[ 

gnd[ 

7BO[ 
6Bl[ 
6BO[ 
5BO[ 

gnd[ 

4BO[ 
4Bl[ 

v C c[ 

3BOL 
2Bl[ 

gnd[ 

2BO[ 
1BO[ 
1Bl[ 



TT 



48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 



V CC BIAS 

11A 

10DIR 

GND 

10A 

9A 

V C C 

9DIR 

8A 

GND 

7A 
] 7BI 
]6A 
]5A 

]gnd 

]5BI 
]4A 

]v cc 

]3A 
]3BI 

GND 

2A 

1A 

OE 



The SN74ABTE16246 is an 11 -bit noninverting 
transceiver designed for synchronous two-way 
communication between buses. 

This device consists of open-collector and 3-state outputs. It allows data transmission from the A bus to the B 
bus or from the B bus to the A bus depending upon the logic level at the direction-control (DIR) input. The 
output-enable (OE) input can be used to disable the device so that the buses are effectively isolated. When OE 
is low, the device is active. 

The B port has a 25-Q series output resistor to reduce ringing. Active bus-hold inputs are also found on the B 
port to hold unused or floating inputs at a valid logic level. 

The A port provides for the precharging of the outputs via VqcBIAS, which establishes a voltage between 1 .3 V 
and 1 .7 V when Vqq is not connected. 

The SN74ABTE16246 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN74ABTE1 6246 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


A data to B bus 
B data to A bus 
Isolation 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN74ABTE16246 

11 -BIT INCIDENT-WAVE SWITCHING BUS-CONTROL TRANSCEIVER 
WITH 3-STATE AND OPEN-COLLECTOR OUTPUTS 



JULY 1993 



logic diagram (positive logic) 



■o 

O 
O 

c 
o 

H 

"D 
U 

m 
< 

m 



110EA 




10DIR 



10B 



46 



9DIR 



9B 



41 



1BI 



1B0 



24 



23 



ten 



4 



■to 



11A 



44 



10A 




43 



9A 



26 



1A 



To Seven Other Channels 
2A-8A and 2B-8B 
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SN74ABTE16246 

11-BIT INCIDENT-WAVE SWITCHING BUS-CONTROL TRANSCEIVER 
WITH 3-STATE AND OPEN-COLLECTOR OUTPUTS 

JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, Vj (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 7 V 

Current into any output in the low state, Iq ■ 128 mA 

Input clamp current, l|« (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 




4.75 


5.25 


V 


V|H 


High-level input voltage 


Except control pins 


1.6 


V 


Control pins 


2 


V|L 


Low-level input voltage 


Except control pins 


1.4 


V 


Control pins 


0.8 


V| 


Input voltage 




0 


vcc 


V 


VOH 


High-level output voltage 


1A-8A 


5.25 


V 


'OH 


High-level output current 


B bus 


-12 


mA 


'OL 


Low-level output current 


Bbus 


12 


mA 


'OH 


High-level output current 


9A-11A 


-32 


mA 


-60+ 


'OL 


Low-level output current 


A bus 


64 


mA 


90+ 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


ns/V 


T A 


Operating free-air temperature 




-40 


85 


°C 



NOTE 2: Unused or floating pins (input or A-bus I/O) must be held high or low. 
* Current duty cycle <, 50%, f > 1 kHz 
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SN74ABTE16246 

11-BIT INCIDENT-WAVE SWITCHING BUS-CONTROL TRANSCEIVER 
WITH 3-STATE AND OPEN-COLLECTOR OUTPUTS 

JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


V|K 


V C C = 4.75 V, l|=-18mA 


-1.2 


V 


V 0 H 


B port 


Vcc = 5-25 V 


IOH = -100^ A 


vcc-1 


V 


Vcc = 4 -75 V 


Iqh = - 1 mA 


2.4 


l 0 H = -12mA 


2 


A port 


Vcc = 4.75 V 


lOH = - 1 m A 


4 


Iqh = "32 mA 


2.4 


lOH = - 60 mA 


2 


vol 


B port 


Vcc = 4.75 V 


lOL = 1 mA 


0.4 


V 


IOL= 12mA 


0.8 


A port 


Vcc = 4 -75 V 


lOL = 64 mA 


0.55 


•OL = 90 mA 


0.9 


•oh 


1A-8A 


Vcc = 4-75V, Vqh = 5.25 V 


20 


uA 


'l(hold) 


B port 


V C C = 4-75V 


V| = 0.8V 


100 


^lA 


V| = 2 V 


-100 


l| 


Control inputs 


V C C = 5.25 V, V| = Vcc or GND 


±1 


uA 


A or B ports 


±100 


>OZH T 


V C C = 5-25 V, Vo = 2.4 V 


10 


^iA 


IozlT 


Vcc = 5-25 V, Vo = 0.4 V 


-10 


uA 


'off 


V C C = 0, VccBIAS = 0 V| or Vq < 4.5 V 


±100 


|iA 


'cc 


A or B ports 


Vcc = 5 - 25 V, Iq = 0, 
V| - Vcc or G ND 


Outputs high 




. mA 


Outputs low 




9A-11Aor B port 


Outputs disabled 




Cj 


Control inputs 


V| = 2.5 V or 0.5 V 




PF 




B port 


V 0 = 2.5 V or 0.5 V 


9 


PF 


A port 


Per IEEE 1194.0-1991 


9 


PF 



t All typical values are at Vcc = 5 V, T A = 25°C. 

tThe parameters Iqzh ancl 'OZL include the input leakage current. 



live insertion specifications over recommended operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP MAX 


UNIT 


ICC (VCCBIAS) 


V C C = 0 10 4-75 V, 


VccBIAS = 4.75,V to 5.25 V, * 


'O(DC) = 0 


500 


|iA 


VCC = 4-75 V to 5.25 V, 


VccBIAS = 4.75 V to 5.25 V, 


'O(DC) = 0 


20 


vo 


v C c = o, 


VccBIAS = 4.75 V 


A port 


1.3 


1.5 1.7 


V 


'O 


vcc = o, v 0 = o, 


VccBIAS = 4.75 V 


A port 


-20 


-100 


uA 


VCC = 0, V 0 = 3V, 


VccBIAS = 4.75 V 


20 


100 
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SN74ABTE16246 

11-BIT INCIDENT-WAVE SWITCHING BUS-CONTROL TRANSCEIVER 
WITH 3-STATE AND OPEN-COLLECTOR OUTPUTS 



extended output characteristics over recommended temperature and supply operating ranges 
(see Figures 1 and 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


LOAD 


MIN TYP MAX 


UNIT 


*sk(pr) T 


A 


B 


V CC = Constant, 
AT A = 20°C 




2.5 


ns 


B 


A 


Zo = 50 Q, Rx = 55.6 Q 


4 


tskfload) 1 


B 


A 


Vqc = Constant, 
Temperature = Constant 


Zq = 50, 25, or 12.5 £2, 
RX = 55.6, 26.3, or 12.8 Q 


4 


ns 


tt 


B 


A 


Time between 1 V and 2 V 


Zq = 25 Q, Rx = 26.3 ft 


1.2 3 


ns 


A 


B 


Rise or fall time 10%-90% 




3 



T tsk(pr) + t S k(load)<6ns 



1B1 



1A1 



1B2 



1A2 




*PLH4 



Output skew, t S k(p r ), is calculated as the greater of the difference between the fastest and slowest of tpi_H and tPHL ( e -9 > tPLHn. n = 1 to 1 6; and 
tpHLn. n = 1 to 16), with any combination of the inputs switching coincidently. 

Figure 1 . Voltage Waveforms for Extended Characteristics 



UJ 

> 

UJ 
QC 
Q. 

I- 
O 

Q 

O 

QC 
CL 
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11 -BIT INCIDENT-WAVE SWITCHING BUS-CONTROL TRANSCEIVER 
WITH 3-STATE AND OPEN-COLLECTOR OUTPUTS 
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PARAMETER MEASUREMENT INFORMATION 



7V 



O Open 



500 a 



3.65 V 



TEST 


S1 


S2 


tPLH'tPHL (A port) 


Down 


X 


tPLH/tPHL (B port) 


Up 


Open 


tPLZ^PZL 


Up 


7V 


tPHZ'tPZH 


Up 


Open 



From Output 
Under Test 



Cl = 50 pF 
(see Note A) 



R x t 

o — vw— 



500 Q 



2nF 



tR x = 12.8, 26.3, 55.612 

LOAD CIRCUIT FOR OUTPUTS 




Output 



VOH 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TlftlES 



94 Q 


OPEN COLLECTOR 


S1 


S2 




tPHL (see Note E) 


Up 


7V 




tpLH (see Note F) 


Up 


7V 



Output 
Control 
(low-level 
enabling) 



\1.5V /l.5V 
L 



tpZL- 



Output 
Waveform 1 
S2 at 7 V 
(see Note C) 

Output 
Waveform 2 
S2 at Open 
(see Note C) 



i 



3V 



0V 



3.5 V 



tpZH -M |4- 



tpHz-^ k- 

" I 



v 0 l + 0.3 v 

--- vql 



v 0H 

V O H-0.3V 



= ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

E. tpHL is measured at 1 .5 V. 

F. tpLH is measured at Vql + °- 3 v - 

Figure 2. Load Circuit and Voltage Waveforms 
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General Information 



1 



ABT Octals 


2 


ABTWidebus™ 


T 


ABTE/ETL Widebus™ 

r%hJ 1 tmml 'blip If IUUmUO ^^^^ 


ABT Widebus+™ 


5 


ABT Memory Drivers 


~ 


ABT 25-n Incident-Wave Switching Drivers f 


Futurebus+/BTL Transceivers 


8 


ABT JTAG/IEEE 1149.1 


9 


LVT JTAG/IEEE 1149.1 


10 


LVT Octals 


11 


LVT Widebus™ 


12 


LVT Memory Drivers 


13 


LVT/GTL Widebus™ 


14 


Application Notes and Articles 


15 


ABT Characterization Information 


16 


Mechanical Data 


17 
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ABT Widebus+™ 



Features 

32- and 36-bit bus interface 

EIAJ standard 80-, 100-, and 120-pin 
shrink quad flat packages (SQFPs) 

Enhanced UBT™ architectures that 
include global controls and parity generate 
and check 

Multiport universal bus exchanger (UBE™) 
architectures 

Symmetrical flowthrough pinouts with 
controls at the poles 

Bit partitioning 

Distributed pinout with 12 GND pins and 
4 V cc pins 

Bus-hold circuitry 

Power-on-demand active feedback circuit 
Tl has established an alternate source 



Benefits 

• Single-chip implementation for highest 
level of logic integration 

• 35% less board space than equivalent 
PQFPs; over 50% less board space than 
four octal SOIC equivalents 

• Special features for use in 
high-performance RISC/CISC/X86 
microprocessor systems 

• Multiplexing and memory interleaving 
capability for interbus communication 

• Ease of board layout; provides compatible 
top-side or bottom-side mount 

• Global, x 1 8-, or x 9-bit capability for 
flexible partitioning 

• 3:1 signal-to-GND ratio minimizes 
simultaneous switching noise and mutual 
coupling effects 

• Reduces component count by eliminating 
need for external pullup or pulldown 
resistors on I/O pins configured as inputs 
left unused or floating 



• Reduces enabled static power 
consumption (Iqcl) by over 50% 

• Standardization that comes from a 
common product approach 



SN54ABT32245, SN74ABT32245 
36-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



Members of the Texas Instruments 
Widebus+™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V 

Per MIL-STD-883C, Method 3015; Exceeds 

200 V Using Machine Model 

(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-1 7 



Typical V 0 |_p (Output Ground Bounce) 
< 0.8 V at V C c = 5 V, T A = 25°C 
Distributed Vqq and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
High-Drive Outputs (-32-mA l 0H , 
64-mAI OL ) 

Bus-Hold Inputs Eliminate the Need for 
External Pullup Resistors 
Packaged in 100-Pin Plastic Shrink Quad 
Flat Packages (SQFP) With 14 x 14- mm 
Package Body Using 0.5-mm Lead Pitch 



SN74ABT32245 . . . PZ PACKAGE 
(TOP VIEW) 



1A9 C 
2A1 C 

GND C 
2A2 C 
2A3 C 
2A4 C 
2A5 □ 7 

GND C 8 
2A6 □ 9 
2A7 C 10 
2A8 C 11 
2A9 C 12 

V C C •= 13 
3A1 C 14 
3A2 C 15 
3A3 C 16 
3A4 C 17 

GND C 18 
3A5 C 19 
3A6 C 20 
3A7 C 21 
3A8 □ 22 

GND C 23 
3A9 C 24 
4A1 C 25 



co n © 9 in * co w t- g gj|UJ Ol^i 9 - 
t-i-t-Oi-i-i-t-t-0'i- i -i-> 'cm cm O -r- 

nnnnnnnnnnnnnnnnnnnnnnnnn 



CVICO^m^CDNOO 
EQCQCOCOgCQCQCQ 



1 0099 98 9796 959493 92 91 90 89 88 87 86 85 84 83 8281 80 79 78 77 76 



75 □ 
74 □ 
73 □ 
72 □ 
71 □ 
70 □ 
69 □ 
68 □ 
67 □ 
66 □ 
65 □ 
64 □ 
63 □ 
62 □ 
61 □ 
60 □ 
59 □ 
58 □ 
57 □ 
56 □ 
55 □ 
54 □ 
53 □ 
52 □ 
51 □ 



26 272829 3031 32 33 34 35 36 3738 3940 41 42 43 4445 46 474849 50 

uuuuuuuuuuuuuuuuuuuuuuuuu 

< <<2<<<<<^Sn On ^ ^CQCQCDCQCDzQQCQCQ 



1B9 

2B1 

GND 

2B2 

2B3 

2B4 

2B5 

GND 

2B6 

2B7 

2B8 

2B9 

V C C 

3B1 

3B2 

3B3 

3B4 

GND 

3B5 

3B6 

3B7 

3B8 

GND 

3B9 

4B1 



description 



The , ABT32245 is a 36-bit (quad 9-bit) noninverting 3-state transceiver designed for synchronous two-way 
communication between data buses. The control function implementation minimizes external timing 
requirements. 



Widebus+ and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 992, Texas Instruments Incorporated 

design phase of development. Characteristic data and other ^ffl ^_ 

specifications are design goals. Texas Instruments reserves the right to TVjva O 

change or discontinue these products without notice. \f I r X A^ 
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36-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
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description (continued) 

This device can be used as four 9-bit transceivers, twol 8-bit transceivers, or one 36-bit transceiver. It allows 
data transmission from the A bus to the B bus or from the B bus to the A bus depending upon the logic level 
at the direction-control (DIR) inputs. The output-enable (OE) inputs can be used to disable the device so that 
the buses are effectively isolated. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54ABT32245 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT32245 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 9-bit section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 
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36-BIT BUS TRANSCEIVERS 
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logic diagram (positive logic) 

90 



1DIR 



1A1 



92 




3DIR- 



40 



10E 



One of Nine 
Channels 



3A1 



14 



84 



1B1 




30E 



One of Nine 
Channels 



62 



3B1 



To Eight Other Channels 



To Eight Other Channels 



• 2DIR 



36 



2A1 




4DIR- 



37 

20E 



One of Nine 
Channels 




4A1 



25 



74 



2B1 




87 



40E 



One of Nine 
Channels 



51 



4B1 



To Eight Other Channels To Eight Other Channels 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqq . -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT32245 96 mA 

SN74ABT32245 128mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Jqk ( v O < °) _5 ° mA 

Maximum power dissipation at = 55°C (in still air) 1 .2 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT32245, SN74ABT32245 
36-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1 992 



recommended operating conditions 







SN54ABT32245 


SN74ABT32245 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125, 


-40 


85 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54ABT32245 


SN74ABT32245 


UNIT 


MIN MAX 


MIN TYPt MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


Vqc = 4.5 V, IOH = _3mA 


2.5 


2.5 


* V 


V C C = 5V, loH=-3mA 


o 


q 
o 


Vcc = 4-5 V, Iqh = -24 mA 


2 




V C C = 4.5 V, IOH = -32mA 




2 


vol 


Vcc = 4.5 V, IOL = 48mA 


0.55 


0.55 


V 


Vcc = 4-5 V, Iql = 64 mA 




0.55 


ii 


Control inputs 


V C c = 5.5 V, V| = Vcc or GND 




±1 


uA 


A or B ports 




±100 


'l(hold) 


A or B ports 


V C C = 4.5 V, V| = 0.8V 




100 


uA 


V C C = 4.5 V, V| = 2V 




-100 


'OZH* 


VCC = 5-5V, V 0 = 2.7V 




50 


uA 


'OZL* 


Vcc = 5.5 V, V 0 = 0.5 V 




-50 


uA 


'off 


Vcc = 0. V|orVo<4.5V 




±100 


|iA 


>CEX 


Vcc = 5-5 V; Vq = 5.5 V Outputs high 




50 


uA 


io § 


Vcc = 5.5 V, Vq = 2.5V 




-50 -100 -180 


mA 


'cc 


VCC = 5-5V, l O = 0, 
V| - Vcc or GND 


Outputs high 




2 


mA 


Outputs low 




5 


Outputs disabled 




0.5 


AlcC 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 




1 


mA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 






pF 


G io 


A or B ports 


V 0 = 2.5 V or 0.5 V 






PF 



t All typical values are at Vcc = 5 V, T A = 25°C. 
+ The parameters Iozh ancl 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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SN54ABT32316, SN74ABT32316 
16-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 



JUNE 1992 - REVISED MAY 1993 



Members of the Texas Instruments 
Widebus+™ Family 

State-of-the-Art EP/C-II0™ BiCMOS Design 
Significantly Reduces Power Dissipation 
UBE™ (Universal Bus Exchanger) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, Clocked, or Clock-Enabled Mode 

ESD Protection Exceeds 2000 V 
Per MIL-STD-883C, Method 3015 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 



Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 5 V, T A = 25°C 
Distributed V C c and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Bus-Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

Packaged in 80-Pin Plastic Shrink Quad 
Flat Packages (SQFP) With 12 x 12-mm 
Package Body Using 0.5-mm Lead Pitch 



SN74ABT32316 . . . PN PACKAGE 
(TOP VIEW) 



3i< 
hi uj 
co lo 



o o 

_j o * 

ID LU — ' 

w j o 



o 



-J O qZt-t-t-t-t-Z i-r-O 

OZ>OOOOOOCD OOO 



rnnrir~iririrnriririririririririi~iririrn 



A2[ 
A3[ 
A4[ 
GND [ 
A5[ 
A6[ 
A7[ 
A8[ 
A9[ 

v C cC 

GND [ 
A10[ 
A11 [ 
A12[ 
A13[ 
A14[ 

GND [ 
A15[ 
A16[ 
NC[ 



80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 



22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

I^LJU^LJI^LJULJLJLJL-JLJLJLJLJLJLJLJLJ 



21 



60 


]C8 


59 


]C7 


58 


]C6 


57 


] GND 


56 


]C5 


55 


]C4 


54 


]C3 


53 


]C2 


52 


]C1 


51 


]v C c 


50 


] GND 


49 


]B16 


48 


]B15 


47 


]B14 


46 


]B13 


45 


]B12 


44 


] GND 


43 


]B11 


42 


]B10 


41 


]B9 



o 



00 CD CD 

J UJ ^ 

LU _J _J 

CO O 



CD Q OQ^-NCO^lflQCONOO 

UJ > o O 

_J 

o 



NC - No internal connection 



Widebus+, EPIC-IIB, and UBE are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 
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SN54ABT32316, SN74ABT32316 

16-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 

JUNE 1992- REVISED MAY 1993 _____ 



description 

The 'ABT32316 consists of three 16-bit registered input/output (I/O) ports. These registers combine D-type 
latches and flip-flops to allow data flow in transparent, latch, and clock modes. Data from one input port can be 
exchanged to one or more of the other ports. Because of the universal storage element, multiple combinations 
of real-time and stored data can be exchanged among the three ports. 

Data flow in each direction is controlled by the output-enable (OEA, OEB, and OEC), select-control (SELA, 
SELB, and SELC), latch-enable (LEA, LEB, and LEC), and clock (CLKA, CLKB, and CLKC) inputs. The A data 
register operates in the transparent mode when LEA is h igh. When LEA is low, data is latched if CLKA is held 
at a high or low logic level. If LEA and clock-enable A (CLKENA) are low, data is stored on the low-to-high 
transition of CLKA. Output data selection is accomplished by the select-control pins. All three ports have 
active-low output enables, so when the output-enable input is low, the outputs are active; when the 
output-enable input is high, the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54ABT3231 6 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT3231 6 is characterized for operation from -40°C to 85°C. 
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SN54ABT32316, SN74ABT32316 
16-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 



JUNE 1 992 - REVISED MAY 1 993 



STORAGE FUNCTION TABLET 



INPUTS 


OUTPUT 


CLKENA 


CLKA 


LEA 


A 


H 


X 


L 


X 


Qo* 


L 


t 


L 


L 


L 


L 


t 


L 


H 


H 


X 


H 


L 


X 


Qo* 


X 


L 


L 


X 


Qo* 


X 


X 


H 


L 


L 


X 


X 


H 


H 


H 



t A-p ort register shown. B and C ports are similar but 
use CLKENB, CLKENC, CLKB, CLKC, LEB, and 
LEC. 



$ Output level before the indicated steady-state input 
conditions were established. 



Function Tables 

A-PORT OUTPUT 



INPUTS 


OUTPUT 


OEA SELA 


A 


H X 


Z 


L H 


Output of C register 


L L 


Output of B register 


B-PORT OUTPUT 


INPUTS 


OUTPUT 


OEB SELB 


B 


H X 


Z 


L H 


Output of A register 


L L 


Output of C register 


C-PORT OUTPUT 


INPUTS 


OUTPUT 


OEC SELC 


C 


H X 


Z 


L H 


Output of B register 


L L 


Output of A register 
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SN54ABT3231 6, SN74ABT3231 6 

16-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 



JUNE 1992 - REVISED MAY 1993 



logic diagram (positive logic) 



OEC 
SELC 



77 



76 



CLKC 
CLKENC 



LEC 



74 



t> 



73 



75 



> 



C1 



52 



OEB 



24 



SELB 



CLKB 
CLKENB 



LEB 



B1 



OEA 
SELA 

CLKA 
CLKENA 
LEA 



A1 



25 



27 



28 



26 



> 



32 



79 ^ 



22 



t> 



21 



23 



> 



80 



> CLK 
C 

CE 



> CLK 

C 

CE 



> CLK 

C 

CE 



1 of 16 Channels 
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SN54ABT32316, SN74ABT32316 
16-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 



JUNE 1992 - REVISED MAY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x ■ -°- 5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) — -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT32316 96 mA 

SN74ABT32316 128 mA 

Input clamp current, l| K (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v O < °) ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) 1 .1 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT32316 


SN74ABT32316 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


"OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


TA 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating control pins must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or mm 
design phase of development. Characteristic data and other 

specifications are design goals. Texas Instruments reserves the right to wUw TrvA O 

change or discontinue these products without notice. if I r ,X A> 
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SN54ABT32316, SN74ABT32316 

16-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 



JUNE 1992 - REVISED MAY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54ABT32316 


SN74ABT3231 6 


UNIT 


MIN MAX 


MIN TYPt MAX 


V|K 


Vqq = 4.5 V, l| = -18 mA 


-1.2 


-1.2 


V 


V 0 H 


Vm = 4 5 V Inu = —3 mA 


2.5 


2.5 


V 


Vr^n = 5 V Inn = — 3 mA 


3 


3 


Vrr = 4 5 V Inn = -24 mA 

v ~ -vJ v > 1 vJri 1 1 ir\ 


2 




Vrr = 4 5 V Inn = -32 mA 




2 


vol 


Vrr = 4.5 V, Im =48mA 


0.55 




V 


Vrr = 4.5 V Ini = 64 mA 




0.55 


ii 


Control inputs 


V C C = 5.5V, V| = VccorGND 




±1 


HA 


A, B, or C ports 




±100 


'l(hold) 


A, B, or C ports 


Vcc * 4.5 V, V| = 0.8 V 




100 


MA 


Vcc = 4-5 V, V| = 2 V 




-100 


'OZH* 


VCC = 5-5V, V 0 = 2.7V 




50 


|iA 


lOZL* 


V C C = 5-5 V, Vo = 0.5 V 




-50 


JlIA 


'off 


V C C = 0, V|orV 0 <4.5V 




±100 


|iA 


'CEX 


Vcc = 5 5 V, Vo = 5.5 V Outputs high 






ii A 


io § 


V C C = 5.5 V, Vq = 2.5V 




-50 -100 -180 


mA 


'cc 


V C C = 5.5 V, l O = 0, 
V| - V C C or GND 


Outputs high 




2 


mA 


Outputs low 




40 


Outputs disabled 




1 


AICC 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 




0.5 


mA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 




3 


PF 


Cio 


A, B, or C ports 


V 0 = 2.5 V or 0.5 V 




11.5 


pF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

$ The parameters lozH and 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND- 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 





SN54ABT32316 


SN74ABT32316 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 150 


0 150 


MHz 


t w Pulse duration 


LE high 


3.3 


3.3 


ns 


CLK high or low 


3.3 


3.3 


t su Setup time 


A, B, or C before CLKt 


2.4 


2.4 


ns 


A or B before LEl 


2.1 


2.1 


CLKEN before CLKT 


3.2 „ 


3.2 


t n Hold time 


A, B, or Carter CLKt 


.1.4 


1.4 


ns 


A or B after LEl 


2.1 


2.1 


CLKEN after CLKT 


1.1 


1-1 



PRODUCT PREViEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT3231 6, SN74ABT3231 6 
16-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 

JUNE 1992 - REVISED MAY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 


TO 


SN54ABT32316 


SN74ABT32316 


UNIT 


(INPUT) 


(OUTPUT) 


MIN MAX 


MIN 


MAX 


f max 






150 


150 


MHz 


tPLH 


A, B, orC 


C, B, or A 


1.4 


6.5 


1.4 


6.1 


ns 


tPHL 


1.1 


6.8 


1.1 


6.6 


tPLH 


SEL 


C, B, or A 


1.4 


6.7 


1.4 


6.5 


ns 


tPHL 


1.8 6:8 


1.8 


6.5 


tPLH 


LE 


C, B, or A 


2.6 


8 


2.6 


7.5 


ns 


tPHL 


2.6 


" 7.4 


2.6 


6.9 


tPLH # 


CLK 


C, B, or A 


2.5 V 


8 


2.5 


7.5 


ns 


tPHL 




7.2 


2.5 


6.7 


tPZH 


OE 


C, B, or A 


. .t.5 


6.7 


1.5 


6.4 


ns 


*PZL 


2.4 


6.9 


2.4 


6.8 


tPHZ 


OE 


C, B, or A 


1.5 


6.1 


1.5 


6 


ns 


tPLZ 


1.9 


6.4 


1.9 


6.1 



PRODUCT PREVIEW information concerns products in the formative or — 

design phase of development. Characteristic data and other ^BlU 

specifications are design goals. Texas Instruments reserves the right to vJr9 TV? V ac 

change or discontinue these products without notice. \j f r.X AN 
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SN54ABT32316, SN74ABT32316 

16-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 



JUNE 1992 - REVISED MAY 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



500 Q 

— VW— 



500 Q 



O 



7V 



SI/* o Open 
? GND 



TEST 


S1 


tPLHflPHL 
tPLZflPZL 
tPHZ^PZH 


Open 
7V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



1.5 V 



lei i I 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



3V 
0V 



Input 
i Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



1.5 V 



tpZL k- 



!*plz -H 



tpZH ->| |4- 



A | / Yol + o-sv 

|»PH2 HH [•-. 



r _l _ 



V O H-0.3V 



3 V 
0V 

3.5 V 

vol 

VOH 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT32318, SN74ABT32318 
18-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 



JUNE 1 992 - REVISED JUNE 1 993 



Members of the Texas Instruments 
Widebus+ JM Family 

State-of-the-Art EP/C-IIS ™ BiCMOS Design 
Significantly Reduces Power Dissipation 
UBE™ (Universal Bus Exchanger) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 



Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 

Distributed Vcc and GND Pm Configuration 
Minimizes High-Speed Switching Noise 

High-Drive Outputs (-32-mA Iqh» 
64-mA Iql) 

Bus-Hold Inputs Eliminate the Need for 
External Pullup/Pulldown Resistors 
Packaged in 80-Pin Plastic Thin Quad Flat 
Packages (TQFP) With 12 x 12-mm Package 
Body Using 0.5-mm Lead Pitch 



SN74ABT32318 . . . PN PACKAGE 
(TOP VIEW) 



3|<|o 3 o S 

r- HI LU UJ UJ UJ =i 
< CO |0 |0 CO _J O 



00 I s - 

o o 



co m 
O O 



CO 

O O 



O o 



1- o 
O O 



A2| 
A3 | 
A4| 
GND | 
A5 | 
A6| 
A7| 
A8| 
A9| 

V C C I 
GND | 
A10 | 
A11 
A12 | 
A13 | 
A14 | 
GND 
A15| 
A16 | 
A17 



80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 



[1 
[2 
[3 
[4 
[5 
[6 
[7 
[8 
[9 
[10 
[11 
[12 
[13 
[14 
[15 
[16 
[17 
[18 
[19 
[ 20 



60 
59 
58 
57 
56 
55 
54 
53 D 
52 
51 
50 
49 P 
48 
47 
46 
45 
44 
43 
42 
41 



21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 



LJL_JLJL_jLJI_JL-JL 
co < < icq co co cq 
t- 2 LU hi — j lu ^ 

< _! J n UJ ■ ■ 



]C8 
]C7 
]C6 
] GND 
]C5 
]C4 
]C3 
C2 
]C1 

]V C C 
] GND 
B18 
]B17 
]B16 
]B15 
]B14 
] GND 
]B13 
]B12 
]B11 



co 



O 



o Q 
> (D 



co 

CO CO 



If) CO 
CO CO 



CO z 
(D 



CO CD 
CO CO 



Widebus+, EPIC-IIB, and UBE are trademarks of Texas Instruments Incorporated. 
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SN54ABT32318, SN74ABT32318 

18-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 



JUNE 1992 - REVISED JUNE 1993 



description 

The 'ABT3231 8 consists of three 1 8-bit registered input/output (I/O) ports. These registers combine D-type 
latches and flip-flops to allow data flow in transparent, latch, and clock modes. Data from one input port can be 
exchanged to one or more of the other ports. Because of the universal storage element, multiple combinations 
of real-time and stored data can be exchanged among the three ports. 

Data flow in each direction is controlled by the output-enable (OEA, OEB, and OEC), select-control (SELA, 
SELB, and SELC), latch-enable (LEA, LEB, and LEC), and clock (CLKA, CLKB, and CLKC) inputs. The A data 
register operates in the transparent mode when LEA is high. When LEA is low, data is latched if CLKA is held 
at a high or low logic level. If LEA is low, data is stored on the low-to-high transition of CLKA. Output data 
selection is accomplished by the select-control pins. All three ports have active-low output enables, so when 
the output-enable input is low, the outputs are active; when the output-enable input is high, the outputs are in 
the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54ABT3231 8 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT3231 8 is characterized for operation from -40°C to 85°C. 
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STORAGE FUNCTION TABLET 



INPUTS 


OUTPUT 


CLKA 


LEA 


A 


T 


L 


L 


L 


t 


L 


H 


H 


H 


L 


X 


Qo* 


L 


L 


X 


Qo* 


X 


H 


L 


L 


X 


H 


H 


H 



t A-port register shown. B and C ports are 
similar but use CLKB, CLKC, LEB, and 
LEC. 



$ Output level before the indicated 
steady-state input conditions were 
established. 

Function Tables 



A-PORT OUTPUT 



INPUTS 


OUTPUT 


OEA SELA 


A 


H X 


Z 


L H 


Output of C register 


L L 


Output of B register 


B-PORT OUTPUT 


INPUTS 


OUTPUT 


OEB SELB 


B 


H X 


Z 


L H 


Output of A register 


L L 


Output of C register 


C-PORT OUTPUT 


INPUTS 


OUTPUT 


OEC SELC 


C 


H X 


Z 


L H 


Output of B register 


L L 


Output of A register 
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SN54ABT32318, SN74ABT32318 

1 8-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 



JUNE 1 992 - REVISED JUNE 1 993 



logic diagram (positive logic) 



SELC 



CLKC 



SELB 



CLKB 




SELA 



CLKA 
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SN54ABT32318, SN74ABT32318 
18-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 



JUNE 1992 -REVISED JUNE 1993 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -°- 5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT3231 8 96 mA 

SN74ABT32318 128 mA 

Input clamp current, Iik ( v l < °) -18 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) 1 .1 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT32318 


SN74ABT32318 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


.0.8 


0.8 


V 


V| 


Input voltage 


0 


v cc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


>OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating control pins must be held high or low. 
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SN54ABT32318, SN74ABT32318 

18-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 



JUNE 1992 - REVISED JUNE 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54ABT32318 


SN74ABT32318 


UNIT 


MIN MAX 


MIN TYPt MAX 


V|K 


V C C = 4.5V, l|=-18mA 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5V, l 0 H=-3mA 


2.5 


2.5 


V 


VcC = 5V, l 0 H=-3mA 


3 


3 


Vcc = 4.5V, l 0 H = -24mA 


2 




Vcc = 4.5V, I oh =-32 mA 




2 


vol 


V C C = 4.5V 


Iql = 48 mA 


0.55 


0.55 


V 


Iql = 64 mA 




0.55 


ii 


Control inputs 


Vcc = 5.5 V, V| = Vcc or GND 




±1 


uA 


A, B, or C ports 




±100 


'l(hold) 


A, B, or C ports 


VCC = 4.5 V 


V| = 0.8V 




100 


HA 


V| = 2V 




-100 


'OZH* 


Vcc = 5.5 V, Vo = 2.7V 




50 




lOZL* 


V C C = 5-5 V, Vq = 0.5 V 




-50 


uA 


'off 


VCC = 0. V|orVQ<4.5V 




±100 


uA 


'CEX 


Vcc = 5.5 V, Vo = 5.5V Outputs high 




50 


uA 


l 0 § 


Vcc = 5-5 V, V 0 = 2.5 V 




-50 -100 -180 


mA 


>CC 


V C C = 5.5 V, IO = 0, 
V| - Vcc or GND 


Outputs high 




2 


mA 


Outputs low 




45 


Outputs disabled 




1 


AI CC H 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 




0.5 


mA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 




3 


PF 


Qo 


A, B, or C ports 


Vq = 2.5 V or 0.5 V 




11.5 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

$ The parameters lozH and 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 





SN54ABT32318 


SN74ABT32318 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


150, 


150 


MHz 


t w Pulse duration 


LE high 


3.3 


3.3 


ns 


CLK high or low 


3.3 


3.3 


t su Setup time 


A, B, or C before CLKt 


2.4 


2.4 


ns 


A, B, or C before LEi 


2.1 


2.1 


t n Hold time 


A, B, or Carter CLKt 


1.4 


1.4 


ns 


A, B, or C after LEi 


2.1 


2.1 
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SN54ABT32318, SN74ABT32318 
18-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 


TO 


SN54ABT32318 


SN74ABT32318 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


MAX 


MIN 


MAX 


fynsx 






150 


150 


MHz 


tpi_H 


A, B, or C 


C, B, or A 


1.4 


6.5 


1.4 


6.1 


ns 


tpHL 


1.1 


6.8 


1.1 


6.6 


tpm 


SEL 


C, B, or A 


1.4 




1.4 


6.5 


ns 


tpHL 


1.8 




1.8 


6.5 


tPLH 


LE 


C, B, or A 


2.6 




2.6 


7.5 


ns 


tpHL 


2.6 




2.6 


6.9 


tPLH 


CLK 


C, B, or A 


2 if i_ 


2.5 


7.4 


ns 


tpHL 


2^ 7.2 


2.5 


6.7 


tpZH 


OE 


C, B, or A 


#4 


6.9 


1.4 


6.8 


ns 


tpZL 


2.4 


7.2 


2.4 


7.1 


tPHZ 


OE 


C, B, or A 


1 


6.4 


1 


6.2 


ns 


tpLZ 


2 


6.4 


2 


6 



PRODUCT PREVIEW information concerns products In the formative or m 

design phase of development Characteristic data and other ^KfA 

specifications are design goals. Texas Instruments reserves the right to wV0 TV V AC 

change or discontinue these products without notice. I r .AA> 

Instruments 

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 5-21 



SN54ABT3231 8, SN74ABT3231 8 

18-BIT TRI-PORT UNIVERSAL BUS EXCHANGERS 



JUNE 1992 - REVISED JUNE 1993 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

7V 



500 Q 

-AAAr 



500 Q 



S1, 



O 

O Open 
Q GND 



TEST 


S1 


tPLHftpHL 
tPLZ'tPZL 
tPHZ^PZH 


Open 
7V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



1.5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



~ X 1JV X 7 ^ 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



i , 

tpzL -*\ k- 



tpLZ -ti |<- 



Nii i5v 1 \y~ 

\ 15V | / vql + Q-: 



I tpHZ -*\ 
tpZH -*| |4- 



3V 
0V 

3.5 V 



vql 



VQH-0-3V 



VOH 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zfj = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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36-BIT UNIVERSAL BUS TRANSCEIVERS 
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Members of the Texas Instruments 
Widebus+™ Family 

State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 



Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 

Distributed Vcc and GND Pm Configuration 
Minimizes High-Speed Switching Noise 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Packaged in 100-Pin Plastic Thin Quad Flat 
Packages (TQFP) With 14 x 14-mm Package 
Body Using 0.5-mm Lead Pitch 



SN74ABT32501 . . . PZ PACKAGE 
(TOP VIEW) 



2A10 
2A9 

GND 
2A8 
2A7 
2A6 
2A5 

GND 
2A4 
2A3 
2A2 
2A1 

V C C 
1A1 
1A2 
1A3 
1A4 

GND 
1A5 
1A6 
1A7 
1A8 

GND 
1A9 

1A10 



<<<^<<<< 

CVICSJCVlOCMCVICMCM 

nnnnnnnn 




1 0099 98 9796 959493 92 91 90 89 88 87 86 85 84 83 8281 80 79 78 77 76 



75 □ 
74 □ 
73 □ 
72 □ 
71 □ 
70 □ 
69 □ 
68 □ 
67 □ 
66 □ 
65 □ 
64 □ 
63 □ 
62 □ 
61 □ 
60 □ 
59 □ 
58 □ 
57 □ 
56 □ 
55 □ 
54 □ 
53 □ 
52 □ 
51 □ 



26 272829 3031 32 33 34 35 36 3738 3940 41 42 43 44 45 46 474849 50 

uuuuuuuuuuuuuuuuuuuuuuuuu 



2B10 

2B9 

GND 

2B8 

2B7 

2B6 

2B5 

GND 

2B4 

2B3 

2B2 

2B1 

V C C 

1B1 

1B2 

1B3 

1B4 

GND 

1B5 

1B6 

1B7 

1B8 

GND 

1B9 

1B10 



<<<§<<<<< 



O 
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SN54ABT32501 , SN74ABT32501 

36-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JANUARY 1993 



description 

These 36-bit universal bus transceivers combine D-type latches and D-type flip-flops to allow data flow in 
transparent, latched, and clocked modes. 

Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when 
LEAB is high. When LEAB is low, the A data is latched if CLKAB is held at a high or low logic level. If LEAB is 
low, the A-bus data is stored in the latch/flip-flop on the low-to-high transition of CLKAB. Output-enable OEAB 
is active high. When OEAB is high, the outputs are active. When OEAB is low, the outputs are in the 
high-impedance state. 

Data flow for B to A is similar to that of A to B bu t uses OEBA, LEBA, and CLKBA. The output enables are 
complementary (OEAB is active high, and OEBA is active low). 

To ensure the high-impedance state during power up or power down, OEBA should be tied to Vqq through a 
pullup resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver 
(B to A). OEAB should be tied to GND through a pulldown resistor; the minimum value of the resistor is 
determined by the current-sou rcing capability of the driver (A to B). 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54ABT32501 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT32501 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLET 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKAB 


A 


B 


L 


X 


X 


X 


Z 


H 


H 


X 


L 


L 


H 


H 


X 


H 


H 


H 


L 


T 


L 


L 


H 


L 


t 


H 


H 


H 


L 


H 


X 


B 0 * 


H < 


L 


L 


X 


B 0 § 



t A-to- B data flow is shown: B-to-A flow is similar but 

uses OEBA, LEBA, and CLKBA. 
t Output level before the indicated steady-state input 

conditions were established. 



§ Output level before the indicated steady-state input 
conditions were established, provided that CLKAB 
was low before LEAB went low. 
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logic diagram (positive logic) 

>-t>— 



10EAB 
1CLKBA 
1LEBA 



10EBA 
1CLKAB 
1LEAB 
1A1 



20EAB 
2CLKBA 
2LEBA 



20EBA 
2CLKAB 
2LEAB 
2A1 



>CLK 
LE 



CLK< 
LE 
D 



v 

To 17 Other Channels 



>CLK 
LE 



CLK< 



LE 



v 

To 17 Other Channels 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



5-25 



SN54ABT32501, SN74ABT32501 

36-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JANUARY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq . -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT32501 96 mA 

SN74ABT32501 128 mA 

Input clamp current, l| K (V| < 0) . -18 mA 

Output clamp current, Iqk ( v 0 < °) -5° mA 

Maximum power dissipation at Ta = 55°C (in still air) 1 .2 W 

Storage temperature range , -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 0evice reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT32501 


SN74ABT32501 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


Vcc 


0 


vcc 


V 


'OH 


High-level output current 




-24 


-32 


mA 


"OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


OIN04AD 1 O^OUl 




UNIT 


MIM MAY 
IVlIlM MAA 


MIM TVD+ MAY 
IwlllM 1 Trl MAA 


V|K 


VcC = 4.5V, l|=-18mA 


1 O 
—1 


— I .d. 


V 


VOH 


Vcc = 4 5 v » 'OH = - 3 mA 


C..O 




V 


VcC = 5V, loH = -3mA 


3 


3 


Vcc = 4 5 V, lOH = -24 mA 


2 




Vcc = 4 -5V, l0H=-32mA 




o 

c. 


vol 


V C C = 4 -5V 


lOL = 48 mA 


u.oo 


u.oo 


V 


lOL = 64 mA 




U.OO 


ii 


Control inputs 


V C C = 5.5 V 


V| = V CC 






HA 


V| = GND 




c 

o 


A or B ports 


V C C = 5.5 V 


V| = V CC 


^ 


50 


V| = GND 




—50 


'l(hold) 


A or B ports 


V C C = 4 -5V 


V| = 0.8 V 




120 


|iA 


V| = 2V 




—40 


lOZH* 


V C C = 5.5 V, V 0 = 2.7 V 




1 


HA 


lOZL* 


Vcc = 5-5 V, Vq = 0.5 V 




-1 


^A 


'off 


Vcc = 0. V|orVo< 4 -5V 




±100 


uA 


'CEX 


Vcc = 5.5 V, Vq = 5.5V Outputs high 




50 


^lA 


io § 


Vcc = 5.5 V, Vq = 2.5 V 




-50 -100 -180 


mA 


>CC 


V C C = 5.5 V, 'O = 0, 
V| - V C c or GND 


Outputs high 




6 


mA 


Outputs low 




90 


Outputs disabled 




6 


Alec 11 


V C c = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 




1 


mA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 




3.5 


pF 


Cj 0 


A or B ports 


Vq = 2.5 V or 0.5 V 




11.5 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t The parameters lozH ar| d 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 





SN54ABT32501 


SN74ABT32501 


UNIT 


MIN MAX 


MIN MAX 


f clock Clock frequency 




0 150 


MHz 


t w Pulse duration 


LE high 




3.3 


ns 


CLK high or low 




3.3 


t su Setup time 


A or B before CLKt 




3.5 


ns 


A or B before LEl 




1.6 


t n Hold time 


A or B after CLKt 




0 


ns 


A or B after LEl 




1.6 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT32501, SN74ABT32501 

36-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JANUARY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 


TO 


OlxO»tMD 1 1 


SN74ABT32501 


UNIT 


(INPUT) 


(OUTPUT) 


MIN TYP MAX 


MIN 


TYP 


MAX 


Tmax 








150 


MHz 


tPLH 


AorB 


Bor A 




1.3 


2.9 


4.8 


ns 


tDUl 

rnL 




1.4 


2.7 


5.4 


tPLH 


LEAB or LEBA 


Bor A 




1.6 


3.4 


5.3 


ns 


tPHL 




1.9 


3.6 


5.5 


tPLH 


CLKAB or CLKBA 


Bor A 




1.5 


3.2 


5.3 


ns 


tPHL 




1.7 


3.3 


5.4 


tPZH 


OEAB or OEBA 


Bor A 




1.2 


3.2 


5.6 


ns 


tpZL 




1.5 


3.6 


6 


tPHZ 


OEAB or OEBA 


B or A 




1.8 


3.6 


5.9 


ns 


tPLZ 




1.7 


3.5 


5.6 



PRODUCT PREVIEW information concerns products In the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT32501, SN74ABT32501 
36-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



JUNE 1992 - REVISED JANUARY 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 ft 

-VvV- 



500 a 



7V 



S1 



A f O Open 
Q GND 



TEST 


S1 


tPLHflPHL 
tPLZ/tpZL 
tpHZ^PZH 


Open 
7V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



— y v — 

Input 1-5V^t A 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
0V 



Timing Input 



Data input 



I* 



1.5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



^ X 15V 




3 V 
0V 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



0utput _ VTTv V 

Control / | \ / |\ 



1.5 V 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



*PZL k— 

'tPLz k- 



tpZH 



\i.5v ' y — 



3V 
0V 

3.5 V 

vol 



I tpHZ ~*\ 



V OH -0.3V V ° H 



« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT32543, SN74ABT32543 
36-BIT REGISTERED BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



JUNE 1992 - REVISED OCTOBER 1992 



Members of the Texas Instruments 
Widebus+™ Family 

State-of-the-Art EPIC-UB ™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 



Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V CC = 5 V, T A = 25°C 

Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Bus-Hold Inputs Eliminate the Need for 
External Pullup Resistors 
Packaged in 100-Pin Plastic Shrink Quad 
Flat Packages (SQFP) With 14 x 14-mm 
Package Body Using 0.5-mm Lead Pitch 



SN74ABT32543 . . . PZ PACKAGE 
(TOP VIEW) 



<<<%<<<<< 

1— 1— 1— U T- T— T-T-T- 



GO 



< 

CQ 



CO 
< 

UJ r- CMCO 10^(0 SCO 
OOQOQCQCDCQ^-CQCDaD 



C 



1A9 
1A10 
GND 
1A11 
1A12 
1A13 
1A14 
GND 
1A15 C 
1A16 C 
1A17C 
1A18 C 

Vcc^ 

2A1 C 
2A2 C 
2A3 C 
2A4 C 

GND C 
2A5 C 
2A6 □ 
2A7C 
2A8 C 

GND C 
2A9 C 

2A10 C 



nnnnnnnnnnnnnnnnnnnnnnnnn 

1 0099 98 9796 959493 92 91 90 89 88 87 86 85 84 83 8281 80 79 78 77 76 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 



75 



□ 1B9 



74 H1B10 
73 □ GND 
72 D1B11 
71 I11B12 

□ 1B13 

□ 1B14 

□ GND 

□ 1B15 

□ 1B16 



26 272829 3031 32 33 34 35 36 3738 3940 41 42 43 44 45 46 474849 50 

uuuuuuuuuuuuuuuuuuuuuuuuu 



65 D1B17 
64 U1B18 
63 IlV cc 
62 H2B1 
61 H2B2 
60 □2B3 
59 D2B4 
58 □ GND 
57 □ 2B5 
56 H2B6 
55 U2B7 
54 D2B8 
53 □ GND 
52 D2B9 
51 3 2BW 



T-c\icoQ«frir>cors.co 



<|<|< o| CD I CD I CD co in ^ q co cm t- 

O O UJ Orv O ^ CM CM CM CM O CM CM CM 
Cm'cM CM 'cvi'^j'S 



Widebus+ and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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SN54ABT32543, SN74ABT32543 

36-BIT REGISTERED BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED OCTOBER 1 992 



description 

The 'ABT32543 is a 36-bit registered transceiver that contains two sets of D-type latches for temporary storage 
of data flowing in either directio n. The de vice can be used as t wo 1 8- bit transce ivers or one 36-bit transceiver. 
Separate latch-enable (LEAB or LEBA) and output-enable (OEAB or OEBA) inputs are provided for each 
register to permit independent control in either direction of data flow. 

The A-t o-B ena ble (CEAB) input must be low in order to enter data from A or to output data fro m B. If CEAB is 
low and LEAB is low, the A-to-B latc hes are tra nspare nt; a subsequent low-to-high transition of LEAB puts the 
A latches in the storage mode. With CEAB and OEAB both low, the 3-state B outputs are active and ref l ect the 
data prese nt at the output of the A latches. Data flow from B to A is similar but requires using the CEBA, LEBA, 
and OEBA inputs. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54ABT32543 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT32543 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLET 
(each 18-bit section) 



INPUTS 


OUTPUT 


CEAB 


LEAB 


OEAB 


A 


B 


H 


X 


X 


X 


Z 


X 


X 


H 


X 


Z 


L 


H 


L 


X 


B 0 * 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 



t A-to-B data flow is show n; B-to-A flow c ontr ol is the 
same except that it uses CEBA, LEBA, and OEBA. 

$ Output level before the indicated steady-state input 
conditions were established. 
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SN54ABT32543, SN74ABT32543 
36-BIT REGISTERED BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



JUNE 1992 - REVISED OCTOBER 1992 



logic diagram (positive logic) 



10EBA 



1CEBA 



1LEBA 




10EAB 



1CEAB 



1LEAB 



92 

1A1 4 ► 



▼ 



C1 
1D 



C1 
1D 



V 

To 17 Other Channels 



1B1 



20EBA 



2CEBA 



2LEBA 




20EAB 



2CEAB 



2LEAB 



2A1-JW- 



C1 
1D 



C1 
1D 



V 

To 17 Other Channels 



62 

f 4 ► 2B1 
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SN54ABT32543, SN74ABT32543 

36-BIT REGISTERED BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc ■ ■ -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT32543 96 mA 

SN74ABT32543 128 mA 

Input clamp current, I|k (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at Ta = 55°C (in still air) 1 .2 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions 







SN54ABT32543 


SN74ABT32543 


UNIT 






MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


>OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 
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SN54ABT32543, SN74ABT32543 
36-BIT REGISTERED BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 




Ol v l HMD 1 


UNIT 


MIN MAX 

■Villi IVIMSV 


MIN TYPt MAX 


V|K 


V C c = 4.5V, l|=-18mA 


—1.2 


—1 .2 


v 


VOH 


V C C = 4.5V, l 0 H=-3mA 


2.5 


2.5 


V 


VcC = 5V, l 0 H = -3mA 


3 


3 


V C C = 4.5V, l 0 H = -24mA 


2 




Vcc = 4-5 V, Iqh = -32 mA 




2 


vol 


V C C = 4.5V 


Iql = 48 mA 


0.55 


0.55 


V 


l 0 |_ = 64 mA 




0.55 


ii 


Control inputs 


V C C = 5.5 V, 


V| = Vcc or GND 




+1 


uA 


A or B ports 




±1 00 


'l(hold) 


A or B ports 


V C C = 4.5 V 


V| = 0.8 V 




100 


uA 


V| = 2 V 




-100 


'OZH* 


V C C = 5.5 V, Vo = 2.7 V 




50 


uA 


lOZL* 


V C C = 5.5 V, V 0 = 0.5 V 




-50 


uA 


'off 


Vcc = 0. V|orV 0 <4.5V 




±100 


uA 


•CEX 


Vcc = 5.5 V, V Q = 5.5V Outputs high 




50 


^iA 


io § 


V C C = 5.5 V, Vq = 2.5 V 




-50 -100 -180 


mA 


'cc 


V C C = 5.5 V, '0 = 0. 
V| - V C c or GND 


Outputs high 




2 


mA 


Outputs low 




5 


Outputs disabled 




0.5 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or G^D 




1 


mA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 






PF 


Qo 


A or B ports 


V 0 = 2.5 V or 0.5 V 






PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

$ The parameters Iqzh and 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT32952, SN74ABT32952 
32-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



Members of the Texas Instruments 
Widebus+™ Family 

State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 



Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 5 V, T A = 25°C 

Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

High-Drive Outputs (-32-mA \ 0H , 

64-mAI OL ) 

Bus-Hold Inputs Eliminate the Need for 
External Pullup Resistors 
Packaged in 100-Pin Plastic Shrink Quad 
Flat Packages (SQFP) With 14 x 14-mm 
Package Body Using 0.5-mm Lead Pitch 



SN74ABT32952 . . . PZ PACKAGE 
(TOP VIEW) 
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CO 
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CD 
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JUJ 
GO 
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z 

LU 

-J O 
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CQ 
< 

Z CD 

-jLU-JT-CMCoQTtlOCD 
OOOCQCQCagcQCQCD 
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1 


1A8 


c 


2 


GND 


c 


3 


2A1 


c 


4 


2A2 


c 


5 


2A3 


c 


6 


2A4 


c 


7 


GND 


c 


8 


2A5 


c 


9 


2A6 


c 


10 


2A7 


c 


11 


2A8 


c 


12 


v C c 


c 


13 


3A1 


c 


14 


3A2 


□ 


15 


3A3 


c 


16 


3A4 


c 


17 


GND 


c 


18 


3A5 


c 


19 


3A6 


c 


20 


3A7 


c 


21 


3A8 


c 


22 


GND 


c 


23 


4A1 


c 


24 


4A2 


c 


25 



nnnnnnnnnnnnnnnnnnnnnnnnn 



1009998 9796 959493 9291 90898887868584 838281 8079787776 



75 □ 
74 □ 
73 □ 
72 □ 
71 □ 
70 □ 
69 □ 
68 □ 
67 □ 
66 □ 
65 □ 
64 □ 
63 □ 
62 □ 
61 □ 
60 □ 
59 □ 
58 □ 
57 □ 
56 □ 
55 □ 
54 □ 
53 □ 
52 □ 
51 □ 



26 272829 3031 32 33 34 35 36 3738 3940 41 42 43 44 45 46 474849 50 

uuuuuuuuuuuuuuuuuuuuuuuuu 
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1B8 
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SN54ABT32952, SN74ABT32952 
32-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



description 

The 'ABT32952 is a 32-bit (quad 8-bit) transceiver with edge-triggered D-type flip-flops and 3-state outputs 
designed specifically for driving highly capacitive or relatively low-impedance loads. It is particularly suitable for 
implementing buffer registers, I/O ports, bidirectional bus drivers, and working registers. The 'ABT32952 can 
be used as f our 8-bit flip -flops, two 16-bit flip-flops, or one 32-bit flip-flop. Provided that the clock-enable 
(CLKENAB or CLKENBA) input is low on the positive transition of the clock (CLKAB or CLKBA) input, the output 
(B or A) of the flip-flop takes on the logic level set up at the input (A or B). The 'ABT32952 allows data 
transmission from the A bus to the B bus or from the B bus to the A bus depending upon the logic levels at the 
output-enable inputs. 

A buffered output-enable (OEAB or OEBA) input can be used to place the 32 outputs in either a normal logic 
state (high or low) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

The output enable (OEAB or OEBA) does not affect the internal operations of the flip-flop. Old data can be 
retained or new data can be entered while the outputs are in the high-impedance state. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver (A to B). 
OE should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by the 
current-sourcing capability of the driver (B to A). 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54ABT32952 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT32952 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLET 
(each flip-flop) 



INPUTS 


OUTPUT 


CLKENAB 


OEAB 


CLKAB 


A 


B 


L 


L 


t 


H 


H 


L 


L 


T 


L 


L 


H 


L 


X 


X 


Qo 


X 


L 


L 


X 


Qo 


X 


H 


X 


X 


z 



t A-to-B data flow is shown; B-to-A data flow Is similar 



but uses CLKENBA, OEBA, and CLKBA. 
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SN54ABT32952, SN74ABT32952 
32-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



logic diagram (positive logic) 

85 ^ 
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SN54ABT32952, SN74ABT32952 
32-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 ■ 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc ■ • • -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output In the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT32952 96 mA 

SN74ABT32952 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■ ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) 1 .2 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions 









SN54ABT32952 


SN74ABT32952 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 




2 


2 


v 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


v 


•oh 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 
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SN54ABT32952, SN74ABT32952 
32-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 -REVISED OCTOBER 1 992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54ABT32952 


SN74ABT32952 


UNIT 


MIN MAX 


MIN TYPt MAX 


V|K 


Vcc = 4 -5V, l| = -18mA 


-1.2 


-1.2 


V 


V 0 H 


V C C = 4.5V, l 0 H = -3mA 


2.5 


2.5 


V 


Vcc = 5V, Iqh = -3 mA 


3 


3 


V C C = 4.5V, Iqh = -24 mA 


2 




Vcc = 4.5 V, 'OH = -32 mA 




2 


vol 


V C C = 4.5V 


lOL = 48 mA 


0.55 


0.55 


V 


Iql = 64 mA 




0.55 


ii 


Control inputs 


V C c = 5.5 V, V| = Vcc or GND 




±1 




A or B ports 




±100 


'Khold) 


A or B ports 


V C C = 4.5V 


V| = 0.8 V 




100 


|iA 


V| = 2V 




-100 


•OZH* 


VCC = 5.5 V, Vo = 2.7V 




50 




lOZL* 


V C C = 5.5 V, Vo = 0.5 V 




-50 


^A 


"off 


Vcc = 0. V|orV 0 <4.5V 




±100 


MA 


'CEX 


Vcc = 5.5 V, Vo = 5.5 V Outputs high 




50 


HA 


io§ 


V C C = 5.5 V, Vq = 2.5V 




-50 -100 -180 


mA 


'cc 


V C C = 5.5 V, 'O = 0, 
V| - Vcc or GN° 


Outputs high 




2 


mA 


Outputs low 




5 


Outputs disabled 




0.5 


Alec 11 


CLK inputs 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 




1.5 


mA 


Others 




0.5 


Cj 


Control inputs 


V| = 2.5 Vor0.5V 






pF 


Cj 0 


A or B ports 


Vq = 2.5 V or 0.5 V 






PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t The parameters lozH an d 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

D This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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General Information 



1 



Am uctais 


2 


ABT Widebus™ 




: ^b? E/Ot. WldeDUS^ 


m 


, _ ABT Wldel>us+ TM ; . 


5 


ABT Memory Drivers 


6 


ABT 25-Q Incident-Wave Switching Drivers 


^?it ilia m mMjm%. it m *to. * m ^^M^^tm l lt*i* ^fe ■ m 

ruturebus+/BTL Transceivers 


8 


ABT JTAG/IEEE 1140.1 


9 


LVT JTAG/IEEE 1149.1 


10 


LVTOctals J-.'. 


11 


LVT Widebus™ 


12 


LVT Memory Drivers 


"l3 




14 


Application Notes and Articles 


15 


[vva|^ . 


16 


Mechanical Data 


17 
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ABT MEMORY DRIVERS 
Features Benefits 



• Output ports have 25-Q series resistors 
included on chip 

• Octal , Widebus™ and Widebus+™ 
functional equivalents with complete 
pinout and package compatibility 

• 8-, 9-, 10-, 11-, and 1 2-bit options 

• 16-, 18-, 20-, 32-, and 36-bit options 

• Typical Vqlv (voltage output low-level 
valley) < 0.5 V at V cc = 5 V, T A = 25°C 

• Symmetrical, balanced output-drive 
capability of 12 mA 



• Reduce component count and save 
valuable board space 

• Drop-in replaceable series resistor options 
with characteristic ABT advanced system 
performance and minimal system power 

• Reliably drive address lines of 64K, 256K, 
1M, 4M, and 16M MOS dynamic random 
access memories (DRAMs) 

• Highly integrated, undershoot-dampened 
line drivers for advanced lump load 
transmission conditions 

• Reduced output undershoot experienced 
at the receiver input for increased system 
reliability 

• Equivalent output high and low current 
levels optimally drive highly capacitive 
inputs 



The following table lists ABT memdry driver devices currently being evaluated for market 
introduction. Customers interested in learning more about Tl's plans for these devices should contact 
the Advanced System Logic Marketing hotline at (21 4) 997-5202. 



DEVICE 


PIN COUNT 


DESCRIPTION 


/ A 111 f\I? A f\ 

ABT2540 


20 


Octal Memory Driver 


'A DTOC A H 

ABT2541 


20 


Octal Memory Driver 


ABT2620 


20 


Octal Memory Driver 


ABT2623 


20 


Octal Memory Driver 


ABT2640 


20 


Octal Memory Driver 


ABT2827 


24 


10-Bit Inverting Memory Driver 


ABT2863 


24 


9-Bit Memory Driver 


/ A r\-T-F- i j n 

ABT541 0 


24 


12-Bit Memory Driver 


ABT5411 


24 


1 2-Bit Memory Driver 


ABT5412 


24 


1 2-Bit Memory Driver 


/ A P-)-f-r- >l -4 O 

ABT541 3 


24 


12-Bit Memory Driver 


ABT1 62241 


48 


Noninverting 1 6-Bit Buffer/Driver With Series Output Resistors 


ABT1 62825 


56 


Noninverting 1 8-Bit Buffer/Driver With Series Output Resistors 


/ a r">T-4 coon 

ABT1 62827 


56 


Noninverting 20-Bit Buffer/Driver With Series Output Resistors 


ABT1 62861 


56 


Noninverting 20-Bit Transceiver With Series Output Resistors 


ABT1 62863 


56 


Noninverting 1 8-Bit Transceiver With Series Output Resistors 


ABT322245 


100 


36-Bit Bus Transceiver With Series Output Resistors 


ABT32231D 


80 


16-Bit Tri-Port Universal Bus Exchanger With Series Output Resistors 


'ABT322318 


80 


18-Bit Tri-Port Universal Bus Exchanger With Series Output Resistors 


'ABT322501 


100 


36-Bit Universal Bus Transceiver With Series Output Resistors 


'ABT322543 


100 


36-Bit Registered Bus Transceiver With Series Output Resistors 
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SN54ABT2240, SN74ABT2240 
OCTAL BUFFERS AND LINE/MOS DRIVERS 
WITH 3-STATE OUTPUTS 

D3697, JANUARY 1991 - REVISED OCTOBER 1992 



Output Ports Have Equivalent 25-Q Series 
Resistors, So No External Resistors Are 
Required 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



SN54ABT2240 ... J PACKAGE 
SN74ABT2240 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 




SN54ABT2240 . . . FK PACKAGE 
(TOP VIEW) 

t-ILJJ O I W 

> < oi> O 

CM t- t-> CM 



These octal buffers and line drivers are designed 
specifically to improve both the performance and 
density of 3-state memory address drivers, clock 
drivers, and bus-oriented receivers and 
transmitters. Taken together with the 'ABT2241 
and 'ABT2244, these devices provide the choice 
of selected combinations of inverting and 
noninverting outputs, symmetrical OE (active-low 
output-enable) inputs, and complementary OE 
and OE inputs. These devices feature high fan-out 
and improved fan-in. 

The 'ABT2240 is organized as two 4-bit line 
drivers with separate output-enable (OE) inputs. 
When OE is low, the device passes data from the 
A inputs to the Y outputs. When OE is high, the 
outputs are in the high-impedance state. 

The outputs, which are designed to sink up to 12 mA, include 25-Q series resistors to reduce overshoot and 
undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT2240 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT2240 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT2240 is characterized for operation from -40°C to 85°C. 




FUNCTION TABLE 
(each buffer) 


INPUTS 


OUTPUT 


OE A 


Y 


L H 


L 


L L 


H 


H X 


Z 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1992, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to : 
specifications per the terms of Texas Instruments standard warranty. TV? V a C* 

Production processing does not necessarily include testing of all jf IfcyV/\o 
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SN54ABT2240, SN74ABT2240 

OCTAL BUFFERS AND LINE/MOS DRIVERS 

WITH 3-STATE OUTPUTS 

D3697, JANUARY 1 991 - REVISED OCTOBER 1 992 



logic symbolt 



10E 

1A1 
1A2 
1A3 
1A4 

20E 

2A1 
2A2 
2A3 
2A4 



1 IS 


EN 

4 r 


18 


2 


1 V 


4 


16 




6 






8 











logic diagram (positive logic) 
„-!-4> 



1Y1 
1Y2 
1Y3 
1Y4 



19 



EN 



11 


1 V 


9 


13 


s 7 




15 




5 




17 




3 











2Y1 
2Y2 
2Y3 
2Y4 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



schematic of Y outputs 

VCC : 



-> Output 



1A1 



1A2 



1A3 



1A4 



20E 



2A1 



2A2 



2A3 



2A4 



19 



13 



15 



17 



18 



16 



14 



12 



1Y1 



1Y2 



1Y3 



1Y4 









> 

9 








' 7 








> 

5 







2Y1 



2Y2 



2Y3 



2Y4 



(A 



GND 
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SN54ABT2240, SN74ABT2240 
OCTAL BUFFERS AND LINE/MOS DRIVERS 
WITH 3-STATE OUTPUTS 

D3697, JANUARY 1991 - REVISED OCTOBER 1992 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc • ~ 0 - 5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq • -0.5 V to 5.5 V 

Current into any output in the low state, Iq • • ■ 30 mA 

Input clamp current, Iik ( v l < °) -1 8 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

N package 1 .3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT2240 


SN74ABT2240 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 




4.5 


5.5 


V 


V|H 


High-level input voltage 


2 




2 


V 


V|L 


Low-level input voltage 


#0.8 


0.8 


v 


Vl 


Input voltage 


0 


* v cc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


O 


12 


12 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 




5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



uuuur KHtvitwinrormation concerns proaucts in tneiormauve or • .am 

sign phase of development. Characteristic data and other ^Mt%. ^_ 

scifications are design goals. Texas Instruments reserves the right to wVW TtvAC* 

mge or discontinue these products without notice. \f f r.X A.> 
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SN54ABT2240, SN74ABT2240 

OCTAL BUFFERS AND LINE/MOS DRIVERS 

WITH 3-STATE OUTPUTS 

D3697, JANUARY 1991 -REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T/^ = 25°C 




CM7y| A QTIOvin 

oN74Ab 1 


UNIT 


MIN TVDt MAY 
IVIIN 1 Trl IVIMA 


IUIIM MAY 
ml IN IVIMA 


MIKI MAY 
IVIIIN IVIMA 


V IK 


VQQ — *f .O V, l| — — 1 O II 1M 


1 O 


— I .d. 


— I .d. 


V 


VOH 


V CC - v > 'OH - J mM 


d.O 




d.O 


V 


Vcc = 5 V, loH=-3mA 


O 


O 

o • 


O 


Vcc = 4 -5 V Ioh = -24 mA 


o 
d. 


o 

c. 




Vcc = 4.5 V, IOH = -32mA 






2 


vql 


VCC = 4-5V, loL=12mA 


0 8 


0 8 


n ft 


V 


ii 


Vcc = 5.5 V, V| = V C C or GND 




±1 


-1-1 


ii A 


'OZH 


Vcc = 5-5 V, Vo = 2.7 V 


50 


. 50 


50 


liA 


lOZL 


V C C = 5.5 V, Vo = 0.5V 


-50 


* -50 


-50 


»A 


'off 


VCC = 0. v | or V 0 < 4.5 V 


±100 




±100 


VlA 


'CEX 


Vcc = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


jiA 


io § 


Vcc = 5.5 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


VCC = 5.5 V, l 0 = 0, 
V| - V C c or GND 


Outputs high 


1 250 


250 


250 


HA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 




Alec 11 


V C C = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


c,- 


V| = 2.5 Vor0.5V 


3 






PF 


Co 


V 0 = 2.5 V or 0.5 V 


8.5 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
HThis is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT2240 


SN74ABT2240 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


1 


3 


4 


1 


5 


1 


4.9 


ns 


tPHL 


3 


4.8 


5.8 


3 . 


6.1 


3 


6 


tPZH 


OE 


Y 


1.5 


3.7 


4.7 


1.5 


6.1 


1.5 


5.8 


ns 


tPZL 


4.2 


6.5 


7.6 


4,2 > 


8.6 


4.2 


8.4 


tPHZ 


OE 


Y 


1.9 


3.8 


5 


1.9 


5.7 


1.9 


5.6 


ns 


tPLZ 


2.5 


4.7 


5.8 


2.5 


6.9 


2.5 


6.4 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 



6-8 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT2240, SN74ABT2240 
OCTAL BUFFERS AND LINE/MOS DRIVERS 
WITH 3-STATE OUTPUTS 

D3697, JANUARY 1991 - REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



500 a 

— AA/V- 



500 Q, 



SI 



O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ/tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



, — y v — 

Input 1-5V^t A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



'3£E. 



r t h 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



ZX 15V XE 



3 V 
0 V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL 



3 V 
0V 



3.5 V 



| tPLZ -*J r 

\l.5V \S 



| tpHZ ~*\ |4- 
tpZH ->| | 



i^r^v-o^.3-v v ° h 

-J ^ - ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT2241, SN74ABT2241 
OCTAL BUFFERS AND LINE/MOS DRIVERS 
WITH 3-STATE OUTPUTS 



JANUARY 1991 - REVISED JUNE 1993 



Output Ports Have Equivalent 25-Q Series 
Resistors, So No External Resistors Are 
Required 

State-of-the-Art EPiC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



These octal buffers and line drivers are designed 
specifically to improve both the performance and 
density of 3-state memory address drivers, clock 
drivers, and bus-oriented receivers and 
transmitters. Taken together with the 'ABT2240 
and 'ABT2244, these devices provide the choice 
of selected combinations of inverting and 
noninvertihg outputs, symmetrical OE (active-low 
output-enable) inputs, and complementary OE 
and OE inputs. These devices feature high fan-out 
and improved fan-in. 

The outputs, jvhich are designed to sink up to 
12 mA, include 25-Q series resistors to reduce 
overshoot and undershoot. 



SN54ABT2241 ... J PACKAGE 
SN74ABT2241 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 

20 ] V cc 
19 ]20E 
18 ] 1Y1 
17 ]2A4 
16 ] 1Y2 
15 ] 2A3 
14 ] 1Y3 
13 ]2A2 
12 ] 1Y4 
11 ]2A1 

SN54ABT2241 . . . FK PACKAGE 
(TOP VIEW) 

^ ^ILLJ o UJ 

> < O^p o 

CM t- i-> CM 




1A2 ]4 
2Y3 ] 5 
1A3 ] 6 
2Y2 ]7 
1A4 ] 8 



I II II II II I 

3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ 
17[ 
16[ 
15[ 2A3 
14[ 1Y3 



1Y1 
2A4 
1Y2 



si Q 2 2 
CM g CM t- CM 



To ensure the high-impedance state during power up or power down, OE should be tied to Vqq through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. OE should 
be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by the 
current-sourcing capability of the driver. 

The SN74ABT2241 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT2241 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT2241 is characterized for operation from -40°C to 85°C. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION m Copyright © 1993, Texas Instruments Incorporated 
DATA information current as of publication date. Products conform to 

specifications per the terms of Texas Instruments standard warranty. wVW TVvA O 

Production processing does not necessarily include testing of all \f lfc,yv/\o 
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SN54ABT2241, SN74ABT2241 

OCTAL BUFFERS AND LINE/MOS DRIVERS 

WITH 3-STATE OUTPUTS 

JANUARY 1991 - REVISED JUNE 1993 



logic symbolt 



10E 

1A1 
1A2 
1A3 
1A4 

20E 

2A1 
2A2 
2A3 
2A4 



FUNCTION TABLES 



INPUTS 


OUTPUT 


10E 1A 


1Y 


L H 


H 


L L 


L 


H X 


Z 




INPUTS 


OUTPUT 


20E 2A 


2Y 


H H 


H 


H L 


L 


L X 


Z 



1 N 


EN 

h r 


18 


2 


1 V 


4 


16 




6 




14 




8 


12 




19 


9 




EN 

h r 


11 


1 V 


13 




7 




15 


5 




17 


3 











tThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 
Pin numbers shown are for the DW, J, and N packages. 



logic diagram (positive logic) 

1 

10E 



1Y1 
1Y2 
1Y3 
1Y4 



1A1 



1A2 



1A3 









) 

18 








> 

16 








> 14 







1A4 



2Y1 
2Y2 
2Y3 
2Y4 



20E 



19 
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SN54ABT2241, SN74ABT2241 
OCTAL BUFFERS AND LINE/MOS DRIVERS 
WITH 3-STATE OUTPUTS 



JANUARY 1991 - REVISED JUNE 1993 



schematic of Y outputs 



vcc 



-> Output 



GND 1 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, Vqc -0-5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq ■ -0.5 V to 5.5 V 

Current into any output in the low state, Iq 30 mA 

Input clamp current, l||< (Vj < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

N package 1 .3 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT2241 


SN74ABT2241 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


/ 0.8 


0.8 


V 


V| 


Input voltage 


0 


v cc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


12 


12 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



khuuuui HHt vi tw imormation concerns products in tne formative or — 

design phase of development. Characteristic data and other ^UJL 

specifications are design goals. Texas Instruments reserves the right to wVW Tfc* "V AO 

change or discontinue these products without notice. \f 
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SN54ABT2241, SN74ABT2241 

OCTAL BUFFERS AND LINE/MOS DRIVERS 

WITH 3-STATE OUTPUTS 

JANUARY 1991 - REVISED JUNE 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Tj\ = 25°C 


SN54ABT2241 


SN74ABT2241 


UNIT 


MIN TYPT MAX 


■jhm ii«v 

MIN MAX 


AMI Al AM A V 

MIN y MAX 


V|K 


Vcc = 4.5 V, l| = -18 mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4 5 V, lOH = -3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = -3 mA 


3 


3 


3 


Vcc = 4 -5 V, Iqh = -24 mA 


2 


2 




Vcc = 4.5 V, loH = -32mA 


o± 
d+ 




2 


vol 


Vcc = 4.5 V, l0L=12mA 


0.8 


0.8 


0.8 


V 


h 


Vcc = 5.5 V, V| = V C C or GND 


±1 


,±1 


±1 


^iA 


lOZH 


V C C = 5.5 V, V 0 = 2.7V 


50 


sV 50 


50 


^iA 


'OZL 


V C C = 5.5 V, V O = 0.5V 


-50 


:/ -50 


-50 




'off 


Vcc = 0. V|orVQ<4.5V 


±100 




±100 




'CEX 


Vcc = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


\xA 


io § 


Vcc = 5.5 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


>CC 


Vcc = 5.5 V, "0 = 0. 
V| - V C C or GND 


Outputs high 


1 250 


250 


250 


^A 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


^A 


Alec 11 


V C C = 5-5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data 
inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


3 






PF 


Co 


Vq = 2.5 V or 0.5 V 


8.5 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


vcc 
t a = 


= 5 V, 
25°C 




SN54ABT2241 


SN74ABT2241 


UNIT 




MIN TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


1 


3 


4.3 


1 




1 


4.7 


ns 


tPHL 


1 


4.3 


5.3 


1 


5.7 


1 


5.6 


tpZH 


OE orOE 


Y 


1.1 


3.5 


4.8 


1.1 


6.1 


1.1 


5.8 


ns 


IPZL 


2.1 


6.2 


7.6 


2.t 


8.6 


2.1 


8.4 


tPHZ 


OE orOE 


Y 


1.7 


4.2 


5.6 


1.7 


6.7 


1.7 


6.6 


ns 


tPLZ 


1.7 


3.9 


5.8 


1.7 


6.9 


1.7 


6.4 



phuuuu i KHtvitw inrormation concerns products in tne tormative or 

design phase of development. Characteristic data and other ^Arf JL — 

specifications are design goals. Texas Instruments reserves the right to HTl^"V AC* 

change or discontinue these products without notice. \f I KXAvS 
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SN54ABT2241, SN74ABT2241 
OCTAL BUFFERS AND LINE/MOS DRIVERS 
WITH 3-STATE OUTPUTS 

JANUARY 1991 - REVISED JUNE 1993 



From Output . 



Under Test 
Cl = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q, 

-AAA/ — 



500 Q 



o 7V 
O Open 

9 GND 



TEST 


S1 


tPLH^PHL 
tPLZ^PZL 
tpHZ/tPZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



3CZZ)(E 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



OV 



Timing Input 



Data Input 



*su 



.5 V 



th 



I 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
OV 



3V 
OV 



Input 
(see Note B) 



Output 



ZXiEZXiE 



3V 
OV 



tpLH~j« »| ^ \ 4 »} tpHL 

! V— 
Jr 1.5 V 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



ssz X isv y fi 77 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpzL k- I 

! *plz -H r 



| tpHZ -*| W 
tpZH -f\ H~ | 



,V 0 H-0.3V 



3V 
OV 

3.5 V 

vol 

VOH 

~ 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT2244, SN74ABT2244 
OCTAL BUFFERS AND LINE/MOS DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS106A- D3710, JANUARY 1991 - REVISED JULY 1993 



Output Ports Have Equivalent Series 
Resistors, So No External Resistors Are 
Required 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



These octal buffers and line drivers are designed 
specifically to improve both the performance and 
density of 3-state memory address drivers, clock 
drivers, and bus-oriented receivers and 
transmitters. Taken together with the 'ABT2240 
and 'ABT2241 , these devices provide the choice 
of selected combinations of inverting and 
noninverting outputs, symmetrical OE (active-low 
output-enable) inputs, and complementary OE 
and OE inputs. These devices feature high fan-out 
and improved fan-in. 

The outputs, which are designed to sink up to 
12 mA, include 25-Q series resistors to reduce" 
overshoot and undershoot. 



SN54ABT2244 ... J PACKAGE 
SN74ABT2244 . . . DB, DW, OR N PACKAGE 





(TOP VIEW) 




10E 


[ 


1 


u 

20 


]v cc 


1A1 
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2 


19 


]20E 


2Y4 
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18 


] 1Y1 


1A2 
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4 


17 


]2A4 


2Y3 
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5 


16 


] 1Y2 


1A3 


[ 


6 


15 


]2A3 


2Y2 


[ 




14 


] 1Y3 


1A4 


[ 


8 


13 


]2A2 


2Y1 


[ 


9 


12 


] 1Y4 


GND 


[ 


10 


11 


]2A1 



SN54ABT2244 . . . FK PACKAGE 
(TOP VIEW) 



>■ <IO^p lo 

CM t- i-> CM 




CM g CM t- CM 



To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT2244 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT2244 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT2244 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each buffer) 


INPUTS 


OUTPUT 


Of A 


Y 


L H 


H 


L L 


L 


H X 


Z 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA, information is current as of publication date. — Copyright © 1993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments W> im __ 

standard warranty. Production processing does not necessarily include w+*W T r v a 
testing of all parameters. ItlA/Vo 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 6-17 



SN54ABT2244, SN74ABT2244 

OCTAL BUFFERS AND LINE/MOS DRIVERS 

WITH 3-STATE OUTPUTS 

SCBS106A- D3710, JANUARY 1991 - REVISED JULY 1993 



logic symbolt 
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20E 
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EN 
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18 
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EN 

h r 
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logic diagram (positive logic) 



1Y1 
1Y2 
1Y3 
1Y4 



2Y1 
2Y2 
2Y3 
2Y4 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 



schematic of Y outputs 

v C c 



-> Output 



1A1 



1A2 



1A3 



1A4 
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> 




18 








► 

16 








' 14 







19 



<> 



13 



15 



17 



{5= 



12 



1Y1 



1Y2 



1Y3 



1Y4 
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SN54ABT2244, SN74ABT2244 
OCTAL BUFFERS AND LINE/MOS DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS106A- D3710, JANUARY 1991 - REVISED JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc • -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq . -0.5 V to 5.5 V 

Current into any output in the low state, \q 30 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DB package — 0.65 W 

DW package 0.85 W 

N package 1 .3 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT2244 


SN74ABT2244 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


12 


12 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


5 


5 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT2244, SN74ABT2244 

OCTAL BUFFERS AND LINE/MOS DRIVERS 

WITH 3-STATE OUTPUTS 

SCBS1Q6A- D3710, JANUARY 1991 - REVISED JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT2244 


SN74ABT2244 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 




Vcc = 4 5 v > 'OH = - 3 m A 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = -3 mA 


3 


3 


3 


Vcc = 4 -5 v » >OH = -24 mA 


2 


2 




Vcc = 4.5 V, lOH = -32 mA 


2t 




2 


vol 


Vcc = 4-5V, l 0 L=12mA 


0.8 


0.8 


0.8 


V 


"i 


V C C = 5.5 V, V| = VccorGND 


±1 


±1 


±1 




'OZH 


VCC = 5-5 V, Vo = 2.7 V 


50 


50 


50 


|iA 


'OZL 


Vcc = 5.5 V, Vo = 0.5 V 


-50 


-50 


-50 


^A 


'off 


Vcc = 0. V|orVQ<4.5V 


±100 




±100 


|iA 


•CEX 


VCC = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


^A 


Iq§ 


V C C = 55 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


>cc 


V C C = 5.5 V, l O = 0, 
V| - Vcc or GND 


Outputs high 


1 250 


250 


250 


^iA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


|iA 




V C C = 5.5 V, 
One input at 
3.4 V, Other 
inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 




V| = 2.5 V or 0.5 V 


3 






PF 


C 0 


Vq = 2.5 V or 0.5 V 


8.5 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT2244 


SN74ABT2244 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


1 


3.4 


4.3 


1 


5.3 


1 


4.7 


ns 


tPHL 


1 


4.5 


5.3 


1 


6.8 


1 


5.6 


tPZH 


OE 


Y 


1.1 


3.8 


4.8 


1.1 


6.5 


1.1 


5.5 


ns 


tPZL 


2.1 


6.3 


7.3 


2.1 


10.2 


2.1 


8.3 


tPHZ 


OE 


Y 


2.1 


4.5 


5.6 


2.1 


7 


2.1 


6.6 


ns 


tPLZ 


1.7 


4.3 


5.3 


1.7 


7.4 


1.7 


5.8 
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SN54ABT2244, SN74ABT2244 
OCTAL BUFFERS AND LINE/MOS DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS106A- D3710, JANUARY 1991 - REVISED JULY 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 ft 



500 ft 



7V 



S1 



>A f O Open 
9 GND 



TEST 


S1 


tPLHrtPHL 
tPLZrtPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 ^1.5 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
0V 



Timing Input 



Data Input 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



s X 1 - 5V 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL-^i k- | 



\1.5V i I/ 
| / VQL + 0-3V 



i tpHz k- 

tpZH |4- j 



3V 



3V 
0V 

3.5 V 

vol 

VOH 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zrj = 50 ft, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT2245, SN74ABT2245 
OCTAL TRANSCEIVERS AND LINE/MOS DRIVERS 

WITH 3-STATE OUTPUTS 

SEPTEMBER 1992- REVISED OCTOBER 1992 



B-Port Outputs Have Equivalent 25-Q 
Series Resistors, So No External Resistors 
Are Required 

State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



SN54ABT2245 ... J PACKAGE 
SN74ABT2245 . . . DB, DW, OR N PACKAGE 
(TOP VIEW) 




SN54ABT2245 . . . FK PACKAGE 
(TOP VIEW) 



3 



A3 ] 4 
A4 ] 5 
A5 ] 6 
A6 ]7 
A7 ]8 



3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ B1 
17[ B2 
16[ B3 
15[ B4 
14[ B5 



These octal transceivers and line drivers are 
designed for asynchronous communication 
between data buses. The devices transmit data 
from the A bus to the B bus or from the B bus to the 
A bus depending upon the logic level at the 
direction-control (DIR) input. The output-enable 
(OE) input can be used to disable the device so the 
buses are effectively isolated. 

The A-port outputs, which are designed to sink up 
to 12 mA, include 25-Q series resistors to reduce 
overshoot and undershoot. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vqc 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN74ABT2245 is available in TPs shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT2245 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT2245 is characterized for operation from -40°C to 85°C. 



00 Q 

< z 

CD 



00 I s - CO 
OQ OQ CD 



FUNCTION TABLE 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 

PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 992, Texas Instruments Incorporated 

design phase of development. Characteristic data and other 
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SN54ABT2245, SN74ABT2245 

OCTAL TRANSCEIVERS AND LINE/MOS DRIVERS 

WITH 3-STATE OUTPUTS 

SEPTEMBER 1992 - REVISED OCTOBER 1992 



U 
30 
O 
O 
C 

o 

H 

U 

30 

m 
< 

m 

3 



logic symbolt 

19 



OE 
DIR 



A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 



G3 

3EN1 [BA] 
3EN2[AB] 



2 


V 1 


18 





— <** 


> 2V 


3 


17 




4 


16 




5 


15 




6 


14 




7 


13 




8 


12 




9 


11 











TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 

schematic of A-port outputs 

vcc — — 



B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 



-> Output 



GND 



logic diagram (positive logic) 
1 



DIR 




A1 




± OE 



18 



B1 



To Seven Other Channels 



schematic of B-port outputs 

v cc 



33 Q 



-> Output 



33 Q 



GND - 



All resistor values shown are nominal. 
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SN54ABT2245, SN74ABT2245 
OCTAL TRANSCEIVERS AND LINE/MOS DRIVERS 

WITH 3-STATE OUTPUTS 

SEPTEMBER 1992 - REVISED OCTOBER 1992 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0-5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq". SN54ABT2245 (except B port) . >. 96 mA 

SN74ABT2245 (except B port) 128 mA 

B port 30 mA 

Input clamp current, Iik ( v I < °) -18 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

N package 1 .3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT2245 


SN74ABT2245 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 




-24 


-32 


mA 


«OL 


Low-level output current 


A port 


48 


64 


mA 


Bport 


12 


12 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


5 


5 


ns/V 


t a 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 6-25 



SN54ABT2245, SN74ABT2245 

OCTAL TRANSCEIVERS AND LINE/MOS DRIVERS 

WITH 3-STATE OUTPUTS 

SEPTEMBER 1992 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT2245 


SN74ABT2245 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1-2 


-1.2 


V 


VOH 


Vcc = 4.5 V,' l 0 H=-3mA 


2.5 


2.5 


2.5 


V 


VcC = 5V, loH = -3mA 


3 


3 


3 


Vcc = 4.5 V, loH = -24mA 


2 


2 




Vcc = 4-5 V, Iqh = -32 mA 


2t 




2 


vol 


VCC = 4-5 V 


Iql = 12 mA 


Bport 


0.8 


0.8 


0.8 


V 


Iql = 48 mA 


A port 


0.55 


0.55 




Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5.5 V, 
V| = V C corGND 


Control inputs 


±1 


±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


•OZH§ 


V C C = 5.5 V, Vo = 2.7 V 


50 


50 


50 


"A 


•OZL§ 


Vcc = 5.5 V, Vq = 0.5 V 


-50 


-50 


-50 


uA 


'off 


Vcc = 0. V| or Vo ^ 4.5 V 


±100 




±100 




'CEX 


Vcc = 5.5 V, Vq = 5.5 V Outputs high 


50 


50 


50 


uA 


lo 11 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


Vcc = 5.5 V, 

io = o. 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


1 250 


250 


250 


uA 


Outputs low 


24 30 


30 


30 


mA 


Outputs disabled 


0.5 250 


250 


250 


uA 


AlcC # 


V C C = 5.5 V, 
One input at 
3.4 V, Other 
inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


C| 


V| = 2.5Vor 0.5 V 








PF 


Qo 


Vq = 2.5 V or 0.5 V 








PF 



t All typical values are at Vcc = 5 V. 

* On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters Iozh and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT5400, SN74ABT5400 
11-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS094A- D3962, DECEMBER 1991 - REVISED OCTOBER 1992 



Output Ports Have 25-a Series Resistors, 
So No External Resistors Are Required 
State-of-the-Art EPIC-UB ™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 

< 1 V at V cc = 5 V, T A = 25°C 
Typical Vqlv (Output Undershoot) 

< 0.5 V at V C c = 5 V, T A = 25°C 
Package Options Include Plastic 
Small-Outline Packages, Ceramic Chip 
Carriers, and Standard Ceramic 300-mil 
DIPs 



description 



These 11 -bit buffers and line drivers are designed 
specifically to improve both the performance and 
density of 3-state memory address drivers, clock 
drivers, and bus-oriented receivers and 
transmitters. 

The 3-state control gate is a 2-input AND gate with 
active -l ow in puts so that if either output-enable 
(OE1 or OE2) input is high, all 1 1 outputs are in the 
high-impedance state. 

The outputs, which are designed to source or sink 
up to 12 mA, include 25-£2 series resistors to 
reduce overshoot and undershoot. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vqq 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN54ABT5400 is characterized for operation 
The SN74ABT5400 is characterized for operation 



SN54ABT5400 . . . JT PACKAGE 
SN74ABT5400 . . . DW PACKAGE 
(TOP VIEW) 
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]D1 
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]D2 


Y3[ 


3 


26 


]D3 


Y4[ 


4 


25 


] D4 


Y5 r 

TO L 


c 

o 


OA 


1 n*> 


Y6 [ 


6 


23 


]D6 


GND [ 


7 


22 


]v cc 


GND [ 


8 


21 


]v cc 


Y7[ 


9 


20 


]D7 


Y8[ 


10 


19 


]D8 


Y9[ 


11 


18 


]D9 


Y1u[ 


12 


17 


] D10 


Y11 [ 


13 


16 


]D11 


OET[ 


14 


15 


]OE2 



SN54ABT5400 . . . FK PACKAGE 
(TOP VIEW) 
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over the full military temperature range of -55°C to 125°C. 
from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


OUTPUT 


Oil 


OE2 


D 


Y 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


Z 


X 


H 


X 


Z 
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11-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS094A-D3962, DECEMBER 1991 - REVISED OCTOBER 1992 



logic symbolt 



OE1 
OE2 



D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 



14 IS 


& 


EN 


15 IN 









logic diagram (positive logic) 

14 



28 


1 V 


1 


27 


2 




26 


3 




25 




4 




24 




5 




23 




6 




20 


9 




19 




10 




18 




11 




17 




12 




16 




13 











OE1 
OE2 



D1 



15 



28 



Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

Y8 

Y9 

Y10 

Y11 



Y1 



To Ten Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 

and I EC Publication 617-12. 
Pin numbers shown are for the DW and JT packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqq -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq ■ ■ 30 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) _50 mA 

Maximum power dissipation at = 55°C (in still air): DW package 1 .2 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 







SN54ABT5400 


SN74ABT5400 


UNIT 






MIN MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


, 0.8 


0.8 


V 


V| 


Input voltage 


0 i V C c 


0 


vcc 


V 


'OH 


High-level output current 


,'; -12 




-12 


mA 


"OL 


Low-level output current 




12 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Tj\ = 25°C 




SN74ABT5400 

Oil i iMD 1 Utuv 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4 - 5V , l| = -18 mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5 V, l 0H = -1mA 


3.35 3.7 


3.3 


3.35 


V 


Vcc = 5 V, Iqh = -1 mA 


3.85 4.2 


3.8 


3.85 


V C C = 4.5 V, IOH = -3mA 




3 


3.1 


Vcc = 4.5 V, lOH = -12 mA 


2.6 




2.6 


vol 


Vcc = 4.5 V, l 0 L = 8 mA 




0.8 


0.65 


V 


Vcc = 4-5V, IOL=12mA 






0.8 


h 


V C C = 5-5 V, V| = V C C or GND 


±1 


±1 


±1 


uA 


"OZH 


Vcc = 5-5 V, Vo = 2.7 V 


50 


50 


50 


uA 


'OZL 


V C C = 5.5 V, Vo = 0.5V 


-50 


r-50 


-50 


uA 


'off 


Vcc = 0» V|orV 0 <4.5V 


±100 




+100 


HA 


•CEX 


Vcc = 5-5V, Vo = 5.5V Outputs high 


50 


50 


50 


uA 


"0 


Vcc = 5-5 V, Vo = 2.5 V 


-25 -45 -100 


-25 -100 


-25 -100 


mA 


'OS* 


V C C = 5.5 V, V O = 0 


-50 -200 


-50 -200 


-50 -200 


mA 


'cc 


V C C = 5.5 V, 'O = 0, 
V|- V C c or GND 


Outputs high 


5 50 


50 


50 


uA 


Outputs low 


36 45 


45 


45 


mA 


Outputs disabled 


1 50 


50 


50 


uA 


AI C C § 


V C C = 5.5 V, 
One input at 
3.4 V, Other 
inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


3 






PF 


C 0 


V 0 = 2.5 V or 0.5 V 


8 






PF 



t All typical values are at Vcc = 5 V. 

t Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc ° r GND. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C[_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT5400 


SN74ABT5400 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


D 


Y 


2 


4.5 


5.7 


2 


6.7 


2 


6.5 


ns 


tPHL 


1.5 


3.7 , 


4.5 


1.5 


,5.5 


1.5 


5.2 


tpzH 


OE 


Y 


2.5 


5.7 


6.6 


2.5 o 




2.5 


8.5 


ns 


tpZL 


2 


4.4 


5.5 


.2. 


; 6.9 


2 


6.8 


tPHZ 


OE 


Y 


1.5 


3.6 


4.4 


1^ 


5.5 


1.5 


5.2 


ns 


tPLZ 


1.5 


4.2 


5.4 


1.5 


7.4 


1.5 


6.9 
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design phase of development. Characteristic data and other Jil 

specifications are design goals. Texas Instruments reserves the right to wV9 TVva O 

change or discontinue these products without notice. I r.XA> 

Instruments 

6-30 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT5400, SN74ABT5400 
11-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS094A - D3962, DECEMBER 1991 - REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 Q 



500 Q 



7V 



S1 



V* O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ'tPZL 
tPHZ'tPZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 .5 



t w - 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



1.5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3 V 
0V 



Input 
(see Note B) 



Output 



Output 



K 15V ) fi 



3 V 
0 V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



c 0 o r ~YEnJfEI. 



tpZL 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZH 



tpLZ -H \* 



v 0 l + 0.3 v 



| tpHZ -*| f- 



3V 
0V 

3.5 V 

vol 



V OH -0.3V V ° H 
— - 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Cl, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT5401, SN74ABT5401 
11-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



Output Ports Have 25-& Series Resistors, 
So No External Resistors Are Required 
State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 

< 1 V at V cc = 5 V, T A = 25°C 
Typical Vqlv (Output Undershoot) 

< 0.5 V at V cc = 5 V, T A = 25°C 
Package Options Include Plastic 
Small-Outline Packages, Ceramic Chip 
Carriers, and Standard Ceramic 300-mil 
DIPs 



description 



These 1 1 -bit buffers and line drivers are designed 
specifically to improve both the performance and 
density of 3-state memory address drivers, clock 
drivers, and bus-oriented receivers and 
transmitters. 

The 3-state control gate is a 2-input AND gate with 
active -l ow in puts so that if either output-enable 
(OE1 or OE2) input is high, all 1 1 outputs are in the 
high-impedance state. These devices provide 
inverted data. 

The outputs, which are designed to source or sink 
up to 12 mA, include 25-H series resistors to 
reduce overshoot and undershoot. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vqq 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN54ABT5401 is characterized for operation 
The SN74ABT5401 is characterized for operation 



SN54ABT5401 . . . JT PACKAGE 
SN74ABT5401 . . . DW PACKAGE 
(TOP VIEW) 
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SN54ABT5401 . . . FK PACKAGE 
(TOP VIEW) 
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over the full military temperature range of - 
from -40°C to 85°C. 



55°C to 125°C. 



FUNCTION TABLE 



INPUTS 


OUTPUT 


OET 


OE2 


D 


Y 


L 


L 


L 


H 


L 


L 


H 


L 


H 


X 


X 


Z 


X 


H 


X 


z 
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logic symbolt 



OE1 
OE2 



D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 



14 N 


& 


EN 


15 IN 









28 


1 V 


1 


27 


2 




26 




3 




25 
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24 
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23 




6 




20 




9 
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12 
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Y3 

Y4 

Y5 

Y6 

Y7 

Y8 

Y9 
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TThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and I EC Publication 61 7-1 2. 
Pin numbers shown are for the DW and JT packages. 



logic diagram (positive logic) 

oet 14 q — v 



Y1 



To Ten Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, Vqc ■ ■ -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) . .. -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq ■ ■ ■ ■ 30 mA 

Input clamp current, Ijk (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v 0 < °) -50 m A 

Maximum power dissipation at Ta = 55°C (in still air): DW package 1 .2 W 

Storage temperature range -65°C to 150°C 



t- Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT5401 


SN74ABT5401 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 






0.8 


V 


V| 


Input voltage 




0 


<fv C c 


0 


vcc 


V 


! OH 


High-level output current 




/"' -12 


-12 


mA 


lOL 


Low-level output current 




12 


12 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°c 



NOTE 2: Unused or floating inputs must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or m 

design phase of development. Characteristic data and other ^ml3L 
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SN54ABT5401, SN74ABT5401 
11-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT5401 


SN74ABT5401 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C C = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4.5 V, l 0 H=-1 mA 


3.35 3.7 


3.3 


3.35 


V 


Vcc = 5 V 'OH = -1 mA 


3.85 4.2 


3.8 


3.85 


V C C = 4.5 V, 'OH = -3 mA 




3 


3.1 


Vcc = 4.5 V, lOH = - 12 mA 


2.6 




2.6 


vol 


Vcc = 4-5V, 'OL = 8mA 




0.8 


0.65 


V 


Vcc = 4.5 V, 'OL=l2mA 






0.8 


ii 


Vcc = 5-5 V, V| = Vcc or GND 


±1 


±1 


±1 


uA 


'OZH 


V C C = 5-5 V, Vo = 2.7 V 


50 




50 


uA 


'OZL 


V C C = 5.5 V, Vq = 0.5 V 


-50 




-50 


I^A 


'off 


Vcc = 0- V|orVo<4.5 V 


±100 




±100 


uA 


'CEX 


Vcc = 5.5 V, Vq = 5.5 V Outputs high 


OU 




OU 


uA 


io 


V C C = 5.5 V, V 0 = 2.5V 


-25 -45 -100 


-2? -100 


-25 -100 


mA 


"OS* 


V C C = 5.5 V, V O = 0 


-50 -200 


<i%0 -200 


-50 -200 


mA 


'cc 


V C c = 5-5V, l O = 0, 
V| - V C c or GND 


Outputs high 


5 50 


« 50 


50 


uA 


Outputs low 


36 45 


45 


45 


mA 


Outputs disabled 


1 50 


50 


50 


uA 


AI C C § 


V C C = 5-5 V, 
One input at 
3.4 V, Other 
inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 




V| = 2.5 Vor 0.5 V 


3 






PF 


Co 


Vq = 2.5 V or 0.5 V 


8 






pF 



t All typical values are at Vcc = 5 V. 

$ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 5 V, 
T A = 25°C 


SN54ABT5401 


SN74ABT5401 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


D 


Y 


2 


4.5 


6.1 


2 


7 


2 


6.9 


ns 


tPHL 


1.5 


4.4 


5.2 


1.5 


s 5.9 


1.5 


5.7 


tpZH 


OE 


Y 


25 


5.7 


6.6 


2.5 




2.5 


8.5 


ns 


tPZL 


2 


4.4 


5.5 







2 


6.8 


tPHZ 


OE 


Y 


1.5 


3.6 


4.4 




5.5 


1.5 


5.2 


ns 


tPLZ 


1.5 


4.2 


5.4 


1.5 


7.4 


1.5 


6.9 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
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SN54ABT5401, SN74ABT5401 
11-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED OCTOBER 1 992 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

~ 7V 



500 Q 

-AAAr- 



500 Q 



O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



l su ' 



th 



3V 
0V 



3 V 
0V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



L J 

tPLH *| 



1.5 V 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



0utput VTTv ViTv" 

Control A 



tPZL ->| k— 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpLZ -*j |<- 



3V 
0 V 

3.5 V 



a . WI _„3V 

vql 



i tpHz k- 

tpZH |4- ] 



V O H-0-3V 



VOH 



0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT5402, SN74ABT5402 
12-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS100A- D3978, JANUARY 1992 - REVISED OCTOBER 1992 



Output Ports Have 25-Q, Series Resistors, 
So No External Resistors Are Required 
State-of-the-Art EPIC-lIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 

< 1 V at V C c = 5 V, T A = 25°C 
Typical Vqlv (Output Undershoot) 

< 0.5 V at V C c = 5 V, T A = 25°C 

Package Options Include Plastic 
Small-Outline Packages, Ceramic Chip 
Carriers, and Standard Ceramic 300-mil 
DIPs 



description 



These 12-bit buffers and line drivers are designed 
specifically to improve both the performance and 
density of 3-state memory address drivers, clock 
drivers, and bus-oriented receivers and 
transmitters. 

The 3-state control gate is a 2-input AND gate with 
active -l ow in puts so that if either output-enable 
(OE1 or OE2) input is high, all 12 outputs are in the 
high-impedance state. 

The outputs, which are designed to source or sink 
up to 12 mA, include 25-Q series resistors to 
reduce overshoot and undershoot. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vqc 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN54ABT5402 is characterized for operation 
The SN74ABT5402 is characterized for operation 



SN54ABT5402 . . . JT PACKAGE 
SN74ABT5402 . . . DW PACKAGE 
(TOP VIEW) 
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over the full military temperature range of -55°C to 125°C. 
from -40°Cto 85°C. 



FUNCTION TABLE 



INPUTS 


OUTPUT 


Oil 


OE2 


D 


Y 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


Z 


X 


H 


X 


Z 
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SN54ABT5402, SN74ABT5402 
12-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS10QA- D3978, JANUARY 1992 - REVISED OCTOBER 19 



logic symbolt 
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logic diagram (positive logic) 
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To 11 Other Channels 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 
Pin numbers shown are for the DW and JT packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) . -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q — 30 mA 

Input clamp current, l|K ( v l < 0) ■ ■ ■ ■ ■ ■ ■ ■ ■ -1 8 mA 

Output clamp current, Iqk (Vo < ^) ■ • mA 

Maximum power dissipation at = 55°C (in still air): DW package 1 .2 W 

Storage temperature range -65°C to 1 50°C 

t- Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT5402, SN74ABT5402 
12-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS100A- D3978, JANUARY 1992 - REVISED OCTOBER 1992 



recommended operating conditions (see Note 2) 





CKIKAA RTKAHO 
1 0*tU« 


OIM I IAD 1 0**\t£ 


UNIT 


MIN MAY 
IVI 1 l>i IVIMA 


MIN MAY 
mlfM IVIMA 




4.5 5.5 


4.5 5.5 


y 


Vjh High-level input voltage 


2 




2 


V 


V|l Low-level input voltage 




0.8 


V 


V| Input voltage 


0 § 'V C C 


o v C c 


V 


'OH High-level output current 


x. " 

/ -12 
*X 


-12 


mA 


lOL Low-level output current 


12 


12 


mA 


At/Av Input transition rise or fall rate Outputs enabled 


10 

-a 


10 


ns/V 


Ta Operating free-air temperature 


-55 125 


-40 85 


°C 


NOTE 2: Unused or floating inputs must be held high or low. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT5402 


SN74ABT5402 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


v lr\ 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1 .2 


v 


VOH 


V C C = 4.5 V, IOH = "1mA 


3.35 3.7 


3.3 


3.35 


V 


Vcc = 5 V, 'OH = -1 mA 


3.85 4.2 


3.8 


3.85 


Vcc = 4.5 V, IOH = -3mA 




3 


3.1 


Vcc = 4.5 V, 'OH = -12 mA 


2.6 




2.6 


vol 


Vcc = 4-5 V, 'OL = 8mA 




0.8 


0.65 


V 


Vcc = 45 V, loL = 12mA 






0.8 


»i 


Vcc = 5 5 V, V| = Vcc or GND 


±1 


±1 


±1 


uA 


>OZH 


Vcc = 5.5 V, V 0 = 2.7V 


50 




50 


uA 


>OZL 


Vcc = 5 -5 V, V 0 = 0.5 V 


-50 


V50 


-50 


uA 


'off 


Vcc = 0. V|orV 0 <4.5V 


±100 




±100 


uA 


ICEX 


Vcc = 5.5 V, Vq = 5.5 V Outputs high 


50 


50 


50 


uA 


•o 


Vcc = 5.5 V, V 0 = 2.5V 


-25 -45 -100 


-25 -100 


-25 -100 


mA 


'OS* 


VCC = 5-5 V, Vq = 0 


-50 -200 


, ^50 -200 


-50 -200 


mA 


'@C 


V C C = 5.5 V, 'O = 0, 
V| - V C c or GND 


Outputs high 


5 50 


50 


50 




Outputs low 


36 45 


45 


45 


mA 


Outputs disabled 


1 50 


50 


50 


uA 


AlcC § 


Vcc = 5.5 V, 
One input at 
3.4 V, Other 
inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


Vj = 2.5 V or 0.5 V 


3 






PF 


C 0 


Vq = 2.5 V or 0.5 V 


8 






pF 



t All typical values are at Vcc = 5 V. 

$ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
§This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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SN54ABT5402, SN74ABT5402 
1 2-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS10OA- D3978, JANUARY 1992 - REVISED OCTOBER 1992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT5402 


SN74ABT5402 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


D 


Y 


2 


4.5 


5.7 


2 


6.7 


2 


6.5 


ns 


tPHL 


1.5 


3.7 


4.5 


1.5 


- . 5.5 



1.5 


5.2 


tpZH 


OE 


Y 


2.5 


5.7 


6.6 


2.5 „ 


\ 8.6 


2.5 


8.5 


ns 


tpZL 


2 


4.4 


5.5 




6.9 


2 


6.8 


tPHZ 


OE 


Y 


1.5 


3.6 


4.4 


1.5. 


5.5 


1.5 


5.2 


ns 


tPLZ 


1.5 


4.2 


5.4 


1.5 


7.4 


1.5 


6.9 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT5402, SN74ABT5402 
12-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 00A - D3978, JANUARY 1992 - REVISED OCTOBER 1992 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q, 

-AAA/ — 



50012 



o 7V 
j^/* O Open 

9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ/tPZL 
tPHZ'tPZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 .5 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



OV 



Timing Input 



Data Input 



-H- 



vl/ vL 



1.5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
OV 



3V 
OV 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpzL k— 



! *PLZ -H 



\ | / VpL+_0.3V 



i tpHz -*\ k- 
tpzH 



VQH-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

-OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT5403, SN74ABT5403 
12-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



Output Ports Have 25-Q, Series Resistors, 
So No External Resistors Are Required 
State-of-the-Art EPIC-lIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA Per 
JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 

< 1 V at V C c = 5 V, T A = 25°C 
Typical Vqlv (Output Undershoot) 

< 0.5 V at V C c = 5 V, T A = 25°C 
Package Options Include Plastic 
Small-Outline Packages, Ceramic Chip 
Carriers, and Standard Ceramic 300-mil 
DIPs 



description 



These 12-bit buffers and line drivers are designed 
specifically to improve both the performance and 
density of 3-state memory address drivers, clock 
drivers, and bus-oriented receivers and 
transmitters. 

The 3-state control gate is a 2-input AND gate with 
active -l ow in puts so that if either output-enable 
(OE1 or OE2) input is high, all 1 2 outputs are in the 
high-impedance state. These devices provide 
inverted data. 

The outputs, which are designed to source or sink 
up to 12 mA, include 25-£2 series resistors to 
reduce overshoot and undershoot. 

To ensure the high-impedance state during power 
up or power down, OE should be tied to Vqc 
through a pullup resistor; the minimum value of the 
resistor is determined by the current-sinking 
capability of the driver. 

The SN54ABT5403 is characterized for operation 
The SN74ABT5403 is characterized for operation 



SN54ABT5403 . . . JT PACKAGE 
SN74ABT5403 . . . DW PACKAGE 
(TOP VIEW) 
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SN54ABT5403 . , . FK PACKAGE 
(TOP VIEW) 



^ in (o n 
Q Q Q Q 



O 

Q 00 O) 

> Q Q 



D3 ] 5 
D2 ] 6 
D1 ] 7 
Y1 ] 8 
Y2 ] 9 
Y3 ] 10 
Y4 ] 11 



4 3 2 1 



28 27 26 
25 



24 [ 
23 [ 
22 [ 
21 [ 



12 13 14 15 16 17 18 



[JD10 
D11 
D12 
OE2 
OET 



20[ Y12 
19[ Y11 



J£) CO Q 

> > z 

CD 



(0 0)0 

>>> 



over the full military temperature range of -55°C to 125°C. 
from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


OUTPUT 
Y 


OET 


OE2 


D 


L 


L 


L 


H 


L 


L 


H 


L 


H 


X 


X 


Z 


X 


H 


X 


z 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION _ Copyright © 1992, Texas Instruments Incorporated 
DATA information current as of publication date. Products conform to 

specifications per the terms of Texas Instruments standard warranty. TTt V A C* 

Production processing does not necessarily include testing of all \f I r.X A^ 
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12-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 
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logic symbolt 



OE1 
OE2 



D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
D11 
D12 



27 



26 



25 



24 



23 



22 



20 



19 



18 



17 



16 



14 IS 


& 


EN 











\ 




2 


3 


4 


s 5 


6 




8 


s 


9 


s 


10 


s 


11 


\ 


12 


s 


13 



Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

Y8 

Y9 

Y10 

Y11 

Y12 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 

and IEC Publication 617-12. 
Pin numbers shown are for the DW and JT packages. 



logic diagram (positive logic) 

14 



OE1 
OE2 



15 



On 



D1 



28 



Y1 



To 11 Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, Vcc V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q 30 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DW package 1 .2 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT5403, SN74ABT5403 
12-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



recommended operating conditions (see Note 2) 





SN54ABT5403 


SN74ABT5403 


UNIT 


MIN MAX 


MIN MAX 


Vqc Supply voltage 


4.5 5.5 


4.5 5.5 


V 


Vm High-level input voltage 


2 » 


2 


V 


V||_ Low-level input voltage 


# — 


0.8 


V 


V| Input voltage 


0 4 C V CC 


o v C c 


V 


lOH High-level output current 


\; - 12 


-12 


mA 


'OL Low-level output current 





12 


mA 


At/Av Input transition rise or fall rate 


Outputs enabled 


& 10 


10 


ns/V 


Ta Operating free-air temperature 


-55 125 


-40 85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T/\ s 25°C 


^N54 A RT5403 


wli f *fnD 1 vtvv 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4.5 V, lOH = -1 mA 


3.35 3.7 


3.3 


3.35 


V 


Vcc = 5 V, lOH = -1 mA 


3.85 4.2 


3.8 


3.85 


V C C = 4.5 V, l 0 H = -3mA 




3 


3.1 


Vcc = 4.5 V, IOH = -12mA 


2.6 




2.6 


vol 


Vcc = 4.5 V, Iol = 8 mA 




0.8 


0.65 


V 


Vcc = 4.5 V, l 0 L=12mA 






0.8 


h 


Vcc = 5.5 V, V| = Vcc o r G ND 


±1 


±1 


±1 


uA 


'OZH 


Vcc = 5.5 V, V 0 = 2.7V 


50 


A) 


50 


^lA 


'OZL 


Vcc = 5.5 V, Vq = 0.5V 


-50 


, V50 


-50 




'off 


Vcc = 0- V|orVQ<4.5V 


±100 




±100 




'CEX 


Vcc = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


^lA 


"O 


Vcc = 5.5 V, V 0 = 2.5V 


-25 -45 -100 


# - 10 ° 


-25 -100 


mA 


"OS* 


Vcc = 5.5 V, Vq = 0 


-50 -200 


4*50 -200 


-50 -200 


mA 


'cc 


V C C = 5.5 V, "O = 0, 
V| - V C C o r GN° 


Outputs high 


5 50 


^ 50 


50 


^A 


Outputs low 


36 45 


45 


45 


mA 


Outputs disabled 


1 50 


50 


50 


uA 


Alcc § 


Vcc = 5.5 V, 
One input at 
3.4 V, Other 
inputs at 
Vcc or GND 


Data inputs 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


0.05 


0.05 


0.05 


Control inputs 


1.5 


1-5, 


1.5 




V| = 2.5 V or 0.5 V 


3 






PF 


Co 


Vq = 2.5 V or 0.5 V 


8 






PF 



t All typical values are at Vcc = 5 V. 

t Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT5403, SN74ABT5403 
12-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED OCTOBER 1 992 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT5403 


SN74ABT5403 


UNIT 




MIN 


TYP 


MAX 


MIN MAX 


MIN 


MAX 




tPLH 


D 


Y 


2 


4.5 


6.1 


2 7 


2 


6.9 


ns 


tPHL 


1.5 


4.4 


5.2 


1.5 ^5.9 


1.5 


5.7 


tpZH 


61 


Y 


2.5 


5.7 


6.6 


2.5<^&.6 


2.5 


8.5 


ns 


tpZL 


2 


4.4 


5.5 


— fy^y — 


2 


6.8 


tPHZ 


OE 


Y 


1.5 


3.6 


4.4 


t* 5.5 


1.5 


5.2 


ns 


tPLZ 


1.5 


4.2 


5.4 


1.5 7.4 


1.5 


6.9 



PRODUCT PREVIEW information concerns products in the formative or h 

design phase of development Characteristic data and other ^UlA 

specifications are design goals. Texas Instruments reserves the right to wV9 TVvAC 

change or discontinue these products without notice. jf I r.XA^ 
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SN54ABT5403, SN74ABT5403 
12-BIT LINE/MEMORY DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



PARAMETER MEASUREMENT INFORMATION 



From Output _ 



Under Test 
Cl = 50 pF 
(see Note A) 



500 Q 



500 ft 



SI, 



p 7V 
O Open 

9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZtpZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



, — y — — v — 

Input 1.5 V j\ A 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3 V 
0V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



*PZL 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZH 



| tpLz -*i |«- 

\l.5V \S ■ 



| tpHZ ~*\ l f~ 



3 V 
0V 

3.5 V 

vol 



ui-^ay v oh 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT1 62240, SN74ABT1 62240 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



Output Ports Have Equivalent 25-& Series 
Resistors, So No External Resistors Are 
Required 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT1 62240 ... WD PACKAGE 
SN74ABT1 62240 . . . DL PACKAGE 
(TOP VIEW) 



The 'ABT1 62240 is a 16-bit buffer and line driver 
designed specifically to improve both the 
performance and density of 3-state memory 
address drivers, clock drivers, and bus-oriented 
receivers and transmitters. The device can be 
used as four 4-bit buffers, two 8-bit buffers, or one 
16-bit buffer. This device provides inverting 
outputs and symmetrical OE (active-low 
output-enable) inputs. 

The outputs, which are designed to source or sink up to 1 2 mA, 
and undershoot. 



10E[ 1 
1Y1[ 2 
1Y2[ 3 

GND[ 4 
1Y3[ 5 
1Y4[ 6 

V CC [ 7 
2Y1[ 8 
2Y2 [ 9 
GND[ 10 
2Y3[ 11 
2Y4[ 12 
3Y1 [ 13 
3Y2[ 14 
GND[ 15 
3Y3[ 16 
3Y4[ 17 
V cc [ 18 
4Y1 [ 19 
4Y2[ 20 
GND[ 21 
4Y3[ 22 
4Y4[ 23 
40E[ 24 



48 ] 20E 
47 ] 1A1 
46 ] 1A2 
45 ] GND 
44 ] 1A3 
43 ] 1A4 
42 ] V cc 
41 ] 2A1 
40 ] 2A2 
39 ] GND 
38 ] 2A3 
37 ] 2A4 
36 ] 3A1 
35 ] 3A2 
34 ] GND 
33 ] 3A3 
32 ] 3A4 
31 ] V cc 
30 ] 4A1 
29 ] 4A2 
28 ] GND 
27 ] 4A3 
26 ] 4A4 
25 ]3QE 



include 25-Q series resistors to reduce overshoot 



To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 62240 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 62240 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 62240 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 4-bit buffer) 


INPUTS 


OUTPUT 


OE A 


Y 


L H 


L 


L L 


H 


H X 


Z 



Widebus and EPIC-IIB are trademarks of Texas Instalments Incorporated. 

PRODUCT PREVIEW information concerns products in the formative or — # Copyright © 1992, Texas Instruments Incorporated 

design phase of development Characteristic data and other _^pf ^ 

specifications are design goals. Texas Instruments reserves the right to wm'B TV*'VA 

change or discontinue these products without notice. \f 1JqA/\o 
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SN54ABT1 62240, SN74ABT1 62240 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



logic symbolt 




3 


5 


6 


8 


9 




11 




\ 


13 


N 


14 


X 


16 


N 


17 


N 


19 


X 


20 


N 


22 


X 


23 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 



logic diagram (positive logic) 

10E — o£> 



1Y1 
1Y2 
1Y3 
1Y4 
2Y1 
2Y2 
2Y3 
2Y4 
3Y1 
3Y2 
3Y3 
3Y4 
4Y1 
4Y2 
4Y3 
4Y4 



1A1 



1A2 



1A3 



1A4 



20E 



2A1 



2A2 



2A3 



2A4 



30E 



3A1 



3A2 



3A3 



3A4 



40E 



4A1 



4A2 



4A3 



4A4 



47 



46 



44 



43 



48 



41 



40 



38 



37 



25 



36 



35 



33 









13 








14 








16 







32 



24 



30 



29 



27 



26 



17 









19 








20 




> 




22 







1Y1 



1Y2 



1Y3 



1Y4 



2Y1 



2Y2 



2Y3 



2Y4 



3Y1 



3Y2 



3Y3 



3Y4 



4Y1 



4Y2 



4Y3 



23 



4Y4 
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SN54ABT162240, SN74ABT162240 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED OCTOBER 1 992 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q 30 mA 

Input clamp current, Iik ( v l < °) -18 mA 

Output clamp current, Iqk ( v O < °) ■ -50 m A 

Maximum power dissipation at = 55°C (in still air) 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voitage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT1 62240 


SN74ABT1 62240 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


v C c 


0 


vcc 


V 


'OH 


High-level output current 




-12 


-12 


mA 


lOL 


Low-level output current 




12 


12 


mA 


At/Av 


Input transition rise or fall rate 


| Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°c 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT162240, SN74ABT162240 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT1 62240 


SN74ABT1 62240 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


Vqh 


V C C = 4.5 V, l 0H = -1 mA 


3.35 


3.3 


3.35 


V 


Vcc = 5V, loH = -1mA 


3.85 


3.8 


3.85 


V C C = 4.5V, l 0 H = -3mA 


3.1 


3 


3.1 


Vcc = 4.5 V, loH = -12mA 


2.6* 




2.6 


vol 


Vcc = 4.5 V, loL^mA 


0.4 0.8 


0.8 


0.65 


V 


Vcc = 4.5 V, IOL=12mA 






0.8 


ii 


Vcc = 5.5 V, V| = VccorGND 


±1 


±1 


±1 


|XA 


•OZH 


Vcc = 5.5 V, Vo = 2.7 V 


50 


50 


50 


HA 


'OZL 


Vcc = 5-5 V, Vo = 0.5 V 


-50 


-50 


-50 


HA 


'off 


Vcc = 0. v | or Vq ^ 4.5 V 


±100 




±100 


»A 


'CEX 


Vcc = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


^A 


l 0 § 


Vcc = 5.5 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5V, l O = 0, 
V|-Vcc or GND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


Alec 11 


V C C = 5-5V, 
One input at 
3.4 V, 

Other inputs 
at Vcc or 
GND 


Data inputs 


Outputs enabled 


1 


1.5 


1 


mA 


Outputs disabled 


0.05 


1 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


7 






PF 


Co 


Vo = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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SN54ABT1 62240, SN74ABT1 62240 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992^ 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



500 ft 

-AA/V— 



500 Q 



7V 



S1 



A / O Open 
? GND 



TEST 


S1 


tPLHtPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



tsu 



4- 



th 



1.5 V 



3V 
0V 



3V 
V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONIN VERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



*pzl -J\ k— 



tpLZ -*j 



\ / Vql + 0.3V 



i tpHz -*\ k- 

tpZH ->| ^~ 



3V 
0V 

3.5 V 

vol 

VOH 

- OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54ABT1 62244, SN74ABT162244 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED MAY 1 993 



• Output Ports Have Equivalent 25-& Series 
Resistors, So No External Resistors Are 
Required 

• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art EP/C-II S ™ BiCMOS Design 
Significantly Reduces Power Dissipation 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 

• Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 

description 

The 'ABT1 62244 is a 16-bit buffer and line driver 
designed specifically to improve both the 
performance and density of 3-state memory 
address drivers, clock drivers, and bus-oriented 
receivers and transmitters. The device can be 
used as four 4-bit buffers, two 8-bit buffers, or one 
16-bit buffer. This device provides noninverting 
outputs and symmetrical OE (active-low 
output-enable) inputs. 

The outputs, which are designed to source or sink up to 1 2 mA, 
and undershoot. 



SN54ABT1 62244 ... WD PACKAGE 
SN74ABT1 62244 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10E[ 
1Y1 [ 
1Y2 

gnd[ 

1Y3t 
1Y4[ 

VccE 

2Y1 [ 
2Y2[ 

gnd[ 

2Y3[ 
2Y4[ 
3Y1 [ 
3Y2[ 

gnd[ 

3Y3[ 
3Y4[ 

Vccf 

4Y1 [ 
4Y2[ 
GND 
4Y3 
4Y4[ 
40E[ 



rr 

1 ^ 






48 


2 


47 


3 


46 


4 


45 


5 


44 


6 


43 


7 


42 


8 


41 


9 


40 


10 


39 


11 


38 


12 


37 


13 


36 


14 


35 


15 


^4 
o*t 


16 


33 


17 


32 


18 


31 


19 


30 


20 


29 


21 


28 


22 


27 


23 


26 


24 


25 



]20E 



include 25-Q. series resistors to reduce overshoot 



To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 62244 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 62244 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 62244 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 4-bit buffer) 



INPUTS 


OUTPUT 
Y 


OE A 


L H 


H 


L L 


L 


H X 


Z 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 



_ # Copyright © 1 993, Texas Instruments Incorporated 

Texas 
Instruments 



POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



6-55 
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16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
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logic symbolt 



10E 
20E 
30E 
40E 

1A1 
1A2 
1A3 
1A4 
2A1 
2A2 
2A3 
2A4 
3A1 
3A2 
3A3 
3A4 
4A1 
4A2 
4A3 
4A4 



1 IS 


EN1 
EN2 
EN3 
EN4 

h r 


2 






24 rx 


47 


1 1 V 


46 


3 




44 


5 




43 


6 




41 


8 


1 2V 


40 


9 




38 




11 




37 




12 




36 


13 


1 3V 


35 


14 




33 




16 




32 




17 




30 


19 


1 4V 


29 


20 




27 




22 




26 


23 









TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



logic diagram (positive logic) 

«*-!— <£> — 
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SN54ABT1 62244, SN74ABT1 62244 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED MAY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -Q- 5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q 30 mA 

Input clamp current, I|k (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at T/\ = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT1 62244 


SN74ABT1 62244 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


v C c 


0 


v C c 


V 


'OH 


High-level output current 


-12 


-12 


mA 


lOL 


Low-level output current 


12 


12 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or ™ 
design phase of development. Characteristic data and other 

specifications are design goals. Texas Instruments reserves the right to ^l"3P TVv A O 

change or discontinue these products without notice. If I r XA^ 
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SN54ABT1 62244, SN74ABT1 62244 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED MAY 1 993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 




^N74ART1 62244 


UNIT 


MIN TYPT MAX 


MIN MAX 


MIN MAX 

■VIII v Iwl Ali/V 


V IK 




—1.2 


—1.2 


—1.2 


\/ 


VOH 


\/r*r* - 4 R V I /-v i i -J m A 


3.35 


3.3 


3.35 


V 


\/ /->/"> _ c \/ l<-M_j — — 1 mA 
v OC ~ 3 v > 'OH ~ 1 


3.85 


3.8 


3.85 


Vcc = 45 V, lOH = - 3 mA 


3.1 


3 


3.1 


Vcc = 4.5 V, Iqh = ~ 12 mA 


2.6$ 




2.6 


vol 


Vcc = 4.5 V, Iql = 8 mA 


0.4 0.8 


0.8 


0.65 


V 


Vcc = 4.5 V, IOL=12mA 






0.8 


■i 


Vcc = 5.5 V, V| = Vcc o r GND 


±1 




±1 


uA 


'OZH 


Vcc = 5.5 V, V 0 = 2.7 V 


10 


>ib 


10 




'OZL 


V C C = 5.5 V, Vq = 0.5 V 


-10 


//-10 


-10 


fiA 


'off 


Vcc = 0. v | or Vq < 4.5 V 


±100 


, ±100 


±100 


*iA 


'CEX 


VCC = 5-5 V, Vq = 5.5 V 


Outputs high 


50 


/ 50 


50 


^A 


1 0 s 


V C C = 5-5 V, Vq = 2.5 V 


OK cc i on 
—do —DO — 1UU 


S£ —100 


—do — IUU 


mA 


'cc 


V C C = 5.5 V, 'O = 0. 
V| - V C C or G ND 


Outputs high 


2 


d 


d 


mA 


Outputs low 


30 


30 


30 


Outputs disabled 


2 


2 


2 


Alec 11 


V C C = 5.5 V, 
One input at 
3.4 V, 

Other inputs 
at Vcc or 
GND 


Data inputs 


Outputs enabled 


50 


50 


50 


VA 


Outputs disabled 


50 


50 


50 


Control inputs 


50 


50 


50 


Cj 


V|=2.5Vor 0.5 V 


3 






PF 


Co 


Vq = 2.5 V or 0.5 V 


8 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT1 62244 


SN74ABT1 62244 


UNIT 




MIN TYP 


MAX 


MIN MAX 


MIN MAX 




tPLH 


A 


Y 


1 2.5 


3.2 


1 4VI 


1 3.9 


ns 


tPHL 


1 3.1 


4 


1 5 


1 4.8 


tpZH 


OE 


Y 


1 3.2 


4.2 


1 r- 5.6 


1 5.4 


ns 


tpZL 


1 3.2 


4.1 


1 - 5.2 


1 5.1 


tPHZ 


OE 


Y 


1 3.2 


4 


4 4.7 


1 4.6 


ns 


tPLZ 


1 3.1 


3.9 


<v 1 4.6 


1 4.5 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT1 62244, SN74ABT1 62244 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED MAY 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output ~ 

Under Test 

Cl = 50 pF 
(see Note A) 



500 £2 

-wv- 



500 Q 



7V 



S1 



V* O open 
9 GND 



TEST 


S1 


tPLHflPHL 
*PLZ/*PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Timing Input 



VOLTAGE WAVEFORMS 
PULSE DURATION 



: \\/ ; — 3V 

a 15V ... 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



~~) < 1 - 5V X 7 ^ 




3V 
0V 

VOH 

vol 

VOH 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPZL 



tpZH ->| |4- 

I 



tpLZ -*J <- 

\ / VoL+_0.3V 

tpHZ-^ 



VQH-0-3V 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q., t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT1 62245, SN74ABT162245 
16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

MARCH 1993 



A-Port Outputs Have Equivalent 25-Q 
Series Resistors, So No External Resistors 
Are Required 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V CC = 5 V, T A = 25°C 
Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT1 62245 ... WD PACKAGE 
SN74ABT1 62245 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



1DIR[ 



gnd[ 

2B3[ 



a 
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48 
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47 
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13 
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35 


15 


34 
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33 


17 


32 
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31 


19 


30 


20 


29 


21 


28 


22 


27 


23 


26 


24 


25 



]v C c 



]2A1 
]2A2 



]2A4 

]v cc 

]2A5 
]2A6 

]gnd 

]2A7 
]2A8 
]20E 



The 'ABT1 62245 is a 16-bit (dual-octal) C 
noninverting 3-state transceiver designed for 
synchronous two-way communication between 
data buses. The control function implementation 2 
minimizes external timing requirements. 

This device can be used as two 8-bit transceivers or one 1 6-bit transceiver. It allows data transmission from the 
A bus to the B bus or from the B bus to the A bus depending upon the logic level at the direction-control (DIR) 
input. The output-enable (OE) input can be used to disable the device so that the buses are effectively isolated. 

The A-port outputs, which are designed to source or sink up to 12 mA, include 25-Q series resistors to reduce 
overshoot and undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 62245 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 62245 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 62245 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
isolation 



Widebus and EPiC-IIB are trademarks of Texas Instruments incorporated. 



PRODUCT PREVIEW Information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT1 62245, SN74ABT162245 
16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



MARCH 1993 



logic symbolt 



48 

10E 

1 

1DIR — — 



logic diagram (positive logic) 
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— «-►— 


3 


— 


5 




6 


— 


8 




9 


— 


11 


— 


12 




13 


— <i 








14 


— 


16 


— o— 


17 


— 
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48 



10E 



1B1 



To Seven Other Channels 



2DIR 



2A1 



24 



36 




25 



20E 



13 



2B1 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



To Seven Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc • -0.5 V to 7 V 

Input voltage range, Vj (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q\ SN54ABT1 62245 (B port) 96 mA 

SN74ABT1 62245 (B port) 128 mA 

Aport — 30mA 

Input clamp current, l|K ( v i < 0) • • -18 mA 

Output clamp current, Iqk ( v 0 < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range ...... — -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT1 62245, SN74ABT1 62245 
16-BIT BUS TRANSCEIVERS 
WITH3-STATE OUTPUTS 



recommended operating conditions (see Note 2) 









SN54ABT1 62245 


SN74ABT1 62245 


UNIT 








MIN 


MAX 


MIN 


MAX 


V CC 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


\/n 
V IL 


Low-level input voltage 




0.8 


0.8 


v 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


B port 


-24 


-32 


mA 


A port 


-12 


-12 


"OL 


Low-level output current 


B port 


48 


64 


mA 


A port 


12 


12 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


ta 


Operating free-air temperature 




-55 


125 


-40, 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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SN54ABT1 62245, SN74ABT1 62245 
16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

MARCH 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT1 62245 


SN74ABT1 62245 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C C = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


V 0H 


V C C = 4.5V, l 0 H = -3mA 


B port 


2.5 


2.5 


2.5 


V 


VCC = 5V, l 0 H = -3mA 


3 


3 


3 


Vcc = 4 -5 V. 'OH = - 24 mA 


2 


2 




V C C = 4.5 V, l 0 H = -32mA 


2+ 




2 


Vcc = 4.5 V, IQH = - 12 mA 


A port 


2.6+" 




2.6 


vol 


V C C = 4.5 V 


lOL = 8 mA 


A port 


0.4 0.8 


0.8 


0.65 


V 


Iql = 12 mA 






0.8 


Iql = 48 mA 


B port 


0.55 


0.55 




Iql = 64 mA 


0.55i 




0.55 


"i 


V C C = 5-5 V, 
V| = V C c or GND 


Control 
inputs 


±1 


±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


'OZH§ 


V C C = 5.5 V, V 0 = 2.7V 


50 


50 


50 


uA 


"OZL § 


Vcc = 5.5 V, Vq = 0.5 V 


-50 


-50 


-50 


uA 


'off 


VCC = °» v | or Vo < 4.5 V 


+ 100 




±100 


uA 


'CEX 


Vcc = 5.5 V, Vo = 5.5 V Outputs high 


50 


50 


50 


uA 




V C C = 5.5 V, V 0 = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


"cc 


V C C = 5.5 V, 

k) = o, 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs 
disabled 


2 


2 


2 


Alcc # 


V C C = 5-5 V, 
One input at 
3.4 V, 

Other inputs at 
Vcc or GND 


Data inputs 


Outputs 
enabled 


1 


. 1.5 


1 


mA 


Outputs 
disabled 


0.05 


1 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


7 






PF 




Vq = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT162260, SN74ABT162260 
12-BIT TO 24-BIT MULTIPLEXED D-TYPE LATCHES 
WITH SERIES-DAMPING RESISTORS AND 3-STATE OUTPUTS 



JUNE 1992 - REVISED JUNE 1993 



B-Port Outputs Have Equivalent 25-Q. 
Series Resistors, So No External Resistors 
Are Required 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EP/C-IIS™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 200V 
Using Machine Model (C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

Bus-Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT1 62260 ... WD PACKAGE 
SN74ABT1 62260 . . . DL PACKAGE 
(TOP VIEW) 



description 



OEA[ 1 
LE1B[ 2 
2B3[ 3 
GND[ 4 
2B2[ 5 
2B1 [ 6 
V CC [7 
A1[ 8 
A2[ 9 
A3[ 10 
GND[ 11 
A4[ 12 
A5[ 13 
A6[ 14 
A7[ 15 
A8[ 16 
A9[ 17 
GND[ 18 
A10[ 19 
A11 [ 20 
A12[ 21 
V C c[ 22 
1B1[ 23 
1B2[ 24 
GND[ 25 
1B3[ 26 
LE2B[ 27 
SEL[ 28 



56 ]OE2B 
55 ] LEA2B 
54 ]2B4 
53 ] GND 
52 ]2B5 
51 ]2B6 
50 ]V C c 
49 ]2B7 
48 ] 2B8 
47 ] 2B9 
46 ] GND 
45 ]2B10 
44 ]2B11 
43 ]2B12 
42 ]1B12 
41 ]1B11 
40 ]1B10 
39 ] GND 
38 ]1B9 
37 ]1B8 
36 ]1B7 
35 ]V CC 
34 ]1B6 
33 ]1B5 
32 ] GND 
31 ]1B4 
30 ]LEA1B 
q ]OE1B 



The 'ABT1 62260 is a 12-bit to 24-bit multiplexed 
D-type latch used in applications where two 
separate data paths must be multiplexed onto, or 
demultiplexed from, a single data path. Typical 

applications include multiplexing and/or demultiplexing of address and data information in microprocessor or 
bus-interface applications. This device is also useful in memory-interleaving applications. 

Three 1 2-bit I/ O ports ( A1-A1 2, 1 B 1-1B 1 2, and 2B1 -2B1 2) are available for address and/or data tr ansf er. The 
output-enable (OE1B, OE2B, and OEA) inputs control the bus transceiver functions. The OE1B and OE2B 
control signals also allow bank control in the A to B direction. 

Address and/or data information can be stored using the internal storage latches. The latch-enable (LE1B, 
LE2B, LEA1 B, and LEA2B) inputs are used to control data storage. When the latch-enable input is high, the latch 
is transparent. When the latch-enable input goes low, the data present at the inputs is latched and remains 
latched until the latch-enable input is returned high. 

The B-port outputs, which are designed to sink up to 12 mA, include 25-Q series resistors to reduce overshoot 
and undershoot. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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SN54ABT1 62260, SN74ABT1 62260 

1 2-BIT TO 24-BIT MULTIPLEXED D-TYPE LATCHES 

WITH SERIES-DAMPING RESISTORS AND 3-STATE OUTPUTS 

JUNE 1 992 - REVISED JUNE 1 993 



description (continued) 

The SN74ABT1 62260 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 62260 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 62260 is characterized for operation from -40°C to 85°<i. 



FUNCTION TABLES 
B TO A (OEB = H) 
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A TO B (OEA = H) 
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12-BIT TO 24-BIT MULTIPLEXED D-TYPE LATCHES 
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logic diagram (positive logic) 



LE1B 
LE2B 



LEA1B 
LEA2B 



OE2B 



OE1B 



OEA 



SEL 



27 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc ■ -0-5 V to 7 V 

Input voltage range, V| (see Note 1) , -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 62260 (A port) 96 mA 

SN74ABT162260(Aport) 128 mA 

Bport 30 mA 

Input clamp current, Iik (V| < 0) . . . . r -1 8 mA 

Output clamp current, Iqk ( v o < u ) ~ 5u mA 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 





SN54ABT1 62260 


SN74ABT1 62260 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


4.5 5.5 


4.5 5.5 


V 


Vm High-level input voltage 


2 ^ 


2 


v 


V|[_ Low-level input voltage 




0.8 


v 


Vj Input voltage 




o v C c 


v 


'OH High-level output current 


— 


-32 


mA 


lOL Low-level output current 


A port 


^ 48 


64 


mA 


Bport 


# 12 


12 


At/Av Input transition rise or fall rate 


Outputs enabled 


<T 10 


10 


ns/V 


T/\ Operating free-air temperature 


-55 125 


-40 85 


°C 



NOTE 2: Unused or floating control inputs must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or » 

design phase of development. Characteristic data and other P i^ __ 
specifications are design goals. Texas Instruments reserves the right to IrvAC 
change or discontinue these products without notice. I KX AN 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT1 62260 


SN74ABT1 62260 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C C = 4.5 V, l|=-18mA 


-1.2 


-1 .2 


-1.2 


V 


Vnu 
V UM 


Vcc = 4-5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


v 


Vcc = 5 V, lOH = " 3 mA 


3 


3 


3 


Vcc = 4.5 V, Ioh = "24 mA 


2 


2 




Vcc = 4 5 V, lQH = ~32 mA 


2* 




2 


vol 


Vcc = 4-5 V, Iol = 48 mA 


A port 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


Vcc = 45 V, IOL=12mA 


Bport 


0.8 


0.8 


0.8 


ii 


V C C = 5.5 V, 

V| = Vcc or G ND 


Control inputs 


±1 


,±1 


±1 


|iA 


A or B ports 


±100 


±100 


±100 


l/l\hnlH 

■U/noia 


Vcc = 4 5 V, V| = 0.8 V 


A or B ports 






100 


|iA 


VCC = 45 V, V| = 2V 






-100 


>OZH§ 


Vcc = 5.5 V, Vo = 2.7V 


50 


50 


50 


|iA 


"OZL § 


V C C = 5.5 V, V O = 0.5V 


-50 


-50 


-50 


^A 


'off 


Vcc = 0- V|orVQ<4.5V 


±100 




±100 


^lA 


"CEX 


Vcc = 5.5 V, Vq = 5.5V 


Outputs high 


50 


50 


50 


liA 




VCC = 5-5V, V 0 = 2.5V 


-50 -100 -225 


-50 -225 


-50 -225 


mA 


'cc 


V C C = 5.5 V, 'O = 0, 
V| - V C C or GND 


Outputs high 


1.5 


1.5 


1.5 


mA 


Outputs low 


63 


63 


63 


Outputs disabled 


1 


1 


1 


AlcC # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1 


1.5 


1 


mA 


Cj 


V| = 2.5 V or 0.5 V 


3 






PF 


Co 


Vq = 2.5 V or 0.5 V 


11.5 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH ancl 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 







V C C = 5V, 
T A = 25°C 


SN54ABT1 62260 


SN74ABT1 62260 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 




t w 


Pulse duration, LE1B, LE2B, LEA1B, or LEA2B high 


3.3 


3.3 


3.3 


ns 


*su 


Setup time, data before LE1 B, LE2B, LEA1 B, or LEA2Bi- 


1.5 


1.5 


1.5 


ns 


th 


Hold time, data after LE1B, LE2B, LEA1B, or LEA2Bi 


1 


1 


1 


ns 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT162260 


SN74ABT1 62260 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN MAX 




tPLH 


A 


B 


1.4 


3.6 


5.2 


1.4 


6.3 


1.4 


6.1 


ns 


tPHL 


2.7 


4.8 


6.4 


2.7 


7.4 


2.7 


7.1 


tPLH 


B 


A 


1.6 


3.6 


5.2 


1.6 


6.4 


1.6 


6 


ns 


tPHL 


1.7 


3.8 


5.5 


1.7 


6.5 


1.7 


6.2 


tPLH 


LE 


A 


1.8 


3.9 


5.3 


1.8 


6.6 


1.8 


6.3 


ns 


tPHL 


2.3 


4.1 


5.4 


2.3 




2.3 


5.8 


tPLH 


LE 


B 


1.6 


3.7 


5.4 


1.6 


Jf4 


1.6 


6.1 


ns 


tPHL 


2.8 


4.9 


6.4 


2.8 


#7.5 


2.8 


7.1 


tPLH 


SEL (1B) 


A 


1.5 


3.6 


5 


1.5/^ 5.9 


1.5 


5.6 


ns 


tPHL 


1.8 


3.5 


4.8 




5.2 


1.8 


5 


tPLH 


SEL (2B) 


A 


1.2 


3.6 


5.1 


3: 


6.5 


1.2 


6.3 


ns 


tPHL 


1.7 


4 


5.5 


#.7 


6.5 


1.7 


6.2 


tpZH 


OE 


A 


1.1 


3.5 


5.2 


1.1 


6.5 


1.1 


6.3 


ns 


*PZL 


2.1 


4.2 


5.7 


2.1 


6.6 


2.1 


6.5 


tPZH 


OE 


B 


1 


3.4 


4.9 


1 


6.4 


1 


6.3 


ns 


tPZL 


2.9 


5.5 


6.8 


2.9 


8.3 


2.9 


8.2 


tPHZ 


OE 


A 


2.5 


4.5 


5.9 


2.5 


6.9 


2.5 


6.7 


ns 


tpLZ 


1.8 


3.4 


4.8 


1.8 


5.6 


1.8 


5.2 


*PHZ 


OE 


B 


2.1 


4.4 


5.7 


2 -1 


7.7 


2.1 


7.5 


ns 


tPLZ 


17 


3.9 


5.4 


1.7 


6.3 


1.7 


6.2 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 & 



500 Q 



S1. 



o 7V 

O Open 
Q GND 



TEST 


S1 


tPLlVtPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



, — y v — 

Input 1-5Vjt A 1,5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
0V 



Timing Input 



Data Input 



3Si 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



3 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tp ZL -»i k- I 



A | / vql^o-3v 



«pzh -*\ r«- 



| tpHZ ~*\ f~ 



VQH-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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B-Port Outputs Have Equivalent 25-Q Series 
Resistors, So No External Resistors Are 
Required 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-UB ™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

Bus-Hold Inputs Eliminate the Need for 
External Pullup Resistors 
Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT1 62460 ... WD PACKAGE 
SN74ABT1 62460 . . . DL PACKAGE 
(TOP VIEW) 



description 



LEAB1 [ 1 
LEAB2 [ 2 
LEBA [ 3 
GND[ 4 
LEB1 [ 5 
LEB2 [ 6 
V CC [7 
CLKBA [ 8 
OEB[ 9 
CLKAB[ 10 
GND[ 11 
1A[ 12 
2A[ 13 
CE_SEL0 [ 14 
CE_SEL1 [ 15 
3A[ 16 
4A[ 17 
GND [ 18 
CLKENAB [ 19 
CLKENB [ 20 
CLKENBA [ 21 
V C C f 22 
LEB3 [ 23 
LEB4 [ 24 
GND[ 25 
OEA [ 26 
LEAB3 [ 27 
LEAB4 [ 28 



XT 



OEB1 



OEB2 

SEL0 

GND 

1B1 

1B2 

V C C 

1B3 

1B4 

2B1 

GND 

2B2 

2B3 

2B4 

3B1 

3B2 

3B3 

GND 

3B4 

4B1 

4B2 

V C C 
4B3 
4B4 
GND 
SEL1 



OEB3 



OEB4 



The 'ABT1 62460 is a 4-bit-to-1 -bit multiplexed 
registered transceiver used in applications where 
four separate data paths must be multiplexed 
onto, or demultiplexed from, a single data path. 
Typical applications include multiplexing and/or 

demultiplexing of address and data information in microprocessor or bus-interface applications. This device is 
also useful in memory-interleaving applications. 

Five 4-bit I/O ports ( 1 A-4A, 1 B1 - 4, 2B1 -4, 3 B1 -4 , and 4B1 -4) are available for address and/or data transfer. 
The output-enable (OEB, OEB1 -OEB4, and OEA) inputs contr ol the bus transceiver functions. These control 
signals also allow 4-bit or 1 6-bit control depending on the OEB level. 

Address and/or data information can be stored using the internal storage latches /flip-flops. The latch-enable 
(LEB1-LEB4, LEBA, and LEAB1 -LEAB4) and clock/clock-enable (CLK/CLKEN) inputs are used to control 
data storage. When either one of the latch-enable inputs is high, the latch is transparent (clock is a don't care 
as long as the latch-enable is high). When the latch-enable input goes low (providing that the clock does not 
transit from low to high), the data present at the inputs is latched and remains latched until the latch-enable input 
is returned high. When the clock-enable is low and the corresponding latch-enable is low, data can be clocked 
on the low to high transition of the clock. When either the clock-enable or the corresponding latch-enable is high, 
the clock is a don't care. 

Four select (SEL0, SEL1 , CE_SEL0, and CE_SEL1 ) pins are provided to multiplex data (A port), or to select 
one of four clock-enables (B port). This allows the user to have the flexibility of controlling one bit at a time. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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description (continued) 

The B-port outputs, which are designed to sink up to 1 2 mA, include 25-Q series resistors to reduce overshoot 
and undershoot. 

Active bus-hold circuitry is provided to hold unused or floating inputs at a valid logic level. 

To ensure the high-impedance state during power-up or power-down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 62460 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 62460 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 62460 is characterized for operation from -40°C to 85°C. 



A-TO-B OUTPUT-ENABLE TABLET 



INPUTS 


OUTPUT 
Bn 


OEB OEBn 


H H 


Z 


H L 


z 


L H 


z 


L L 


Active 



tn = 1,2, 3,4 



A-TO-B STORAGE TABLE (ASSUMING OEB = L, OEBn = L)t 



INPUTS 


OUTPUTS 


CLKENAB 


CE_SEL1 


CE_SEL0 


CLKAB 


LEAB1 


LEAB2 


LEAB3 


LEAB4 


B1 


B2 


B3 


B4 


X 


X 


X 


HorL 


H 


L 


L 


L 


A 


A 0 


A 0 


A 0 


X 


X 


X 


HorL 


H 


H 


H 


L 


A 


A 


A 


A 0 


L 


X 


X 


L 


L 


L 


L 


L 


A 0 


A 0 


A 0 


A 0 


L 


L 


L 


t 


L 


L 


L 


L 


A 


A 0 


A 0 


A 0 


L 


L 


H 


t 


L 


L 


L 


L 


A 0 


A 


AO 


A 0 


L 


H 


L 


t 


L 


L 


L 


L 


A 0 


A 0 


A 


A 0 


L 


H 


H 


t 


L 


L 


L 


L 


A 0 


A 0 


A 0 


A 


H 


X 


X 


. T 


L 


L 


L 


L 


A 0 


A 0 


A 0 


A 0 



JThis table does not cover all the latch-enable cases since they have similar results. 
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B-TO-A STORAGE TABLE (BEFORE POINT "P") 



INPUTS 


"P" 


CLKENB CLKBA 


LEB1 


LEB2 


LEB3 


LEB4 


SEL1 SELO 


X 


X 


H 


L 


L 


L 




L 




L 


B1 


X 


X 


L 


H 


L 


L 




L 




H 


B2 


X 


X 


L 


L 


H 


L 




H 




L 


B3 


X 


X 


L 


L 


L 


H 




H 




H 


B4 
















L 




L 


B1 


L 


T 


L 


L 


L 


L 




L 
H 
H 




H 
L 
H 


B2 
B3 
B4 
















L 




L 


B1o+ 


L 


L 


L 


L 


L 


L 




L 
H 
H 




H 
L 
H 


B2 0 t 
B3 0 t 
B4 0 t 




B-TO-A STORAGE TABLE (AFTER POINT "P") 








INPUTS 


OUTPUT 






CLKENB A 


CLKBA LEBA 


OEA 


B 






A 








X 


X 


X 


H 


X 






Z 








X 


X 


H 




L 






L 








X 


X 


H 




H 






H 








H 


X 


L 




X 






A 0 t 








L 


t 


L 




L 






L 








L 


t 


L 




H 






H 








L 


L 


L 




X 






A 0 t 







t Output level before the Indicated steady-state input conditions 
were established. 
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logic diagram (positive logic) 



LEB4- 
LEB3" 
LEB2- 
LEB1- 



> 



CLKENB 



SEL1- 



SELO- 



LEBA- 



"O 
73 
O 

a 
c 
o 

H 

"O 

73 

m 
< 

m 



CLKBA- 



CLKENBA 



I 

One of 

Four 
Channels 



CLKAB 



CE 
CLK 
D 
LE 



LE 
D 

CLK 
CE 



LE 
D 

CLK 
CE 



CLK 
CE 
D 
LE 



CLK 
CE 
D 
LE 



OEA 



1A- 




rt> 



LE 
CLK 
CE 
D 



LE 
CLK 
CE 
D 



LE 
CLK 
CE 
D 



LE 
CLK 
CE 
D 



1B1 



1B2 



1B3 



1B4 



—izzz 1 I 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 62460 (A port) 96 mA 

SN74ABT162460(Aport) 128 mA 

B port 30 mA 

Input clamp current, l|K (V| < 0) -18 mA 

Output clamp current, Iqk ( v 0 < °) ~ 50 mA 

Maximum power dissipation at 7^ = 55°C (in still air) 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT1 62460 


SN74ABT1 62460 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 


A port 


48 


64 


mA 


B port 


12 


12 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


ta 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT1 62460 


SN74ABT1 62460 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5V, l 0 H=-3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, l 0 H = -3mA 


3 


3 


3 


Vcc = 4.5 V, IOH = -24mA 


2 


2 




Vcc = 4.5 V, IOH = - 32 TiA 


2t 




2 


vol 


Vcc = 4.5 V, Iql = 48 mA 


A port 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


Vcc = 4.5 V, IOL = 12mA 


Bport 


0.8 


0.8 


0.8 


ii 


V C C = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


±1 


±1 


HA 


A or B ports 


±100 


±100 


±100 


'l(hold) 


Vcc = 4.5 V, V| = 0.8V 


A or B ports 






100 


HA 


Vcc = 4.5 V, V| = 2V 






-100 


»OZH§ 


V C C = 5.5 V, Vq = 2.7V 


50 


50 


50 




>OZL § 


Vcc = 5.5 V, V O = 0.5 V 


-50 


-50 


-50 


fxA 


'off 


Vcc = 0. V|orVQ^4.5V 


±100 




±100 


|iA 


'CEX 


Vcc = 5.5 V, V 0 = 5.5V 


Outputs high 


50 


50 


50 


uA 




V C C = 5.5 V, Vq = 2.5V 


-50 -100 -200 


^50 -200 


-50 -200 


mA 


'cc 


V C C = 5-5 V, 

io = o, 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


2 


2 


2 


mA 


Outputs low 


35 


35 


35 


Outputs disabled 


2 


2 


2 


Alcc # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 








pF 


Qo 


Vq = 2.5 V or 0.5 V 


A or B ports 








PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§The parameters JozH ar| d 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





SN54ABT1 62460 


SN74ABT1 62460 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 150 


0 150 


MHz 


t w Pulse duration 


LEAB or LEBA high 




4 


ns 


CLKAB or CLKBA high or low 




4 


t su Setup time 


Before CLKt 


A or B 




2 


ns 


CLKEN 




3 


A before LEAB^ or B before LEBA4- 


CLK high 




2 


CLK low 




2 


t n Hold time 


After CLKt 


A or B 




2 


ns 


CLKEN 




2 


A after LEABi or B after LEBAi 




3 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT1 62460 


SN74ABT1 62460 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


fmax 






150 


150 


150 


MHz 


tPLH 


A or B 


B or A 






7 


ns 


tPHL 






7 


tPLH 


CLKAB 


B 








ns 


tPHL 








tPLH 


CLKBA 


A 








ns 


tPHL 








tPLH 


LEAB 


B 






7 


ns 


tPHL 






7 


tPLH 


LEBA 


A 






6 


ns 


tPHL 






6 


tPLH 


LEB 


A 






8 


ns 


tPHL 






8 


tPLH 


SEL 


A 






8 


ns 


tPHL 






8 


tPLH 


CE_SEL 


B 








ns 


tPHL 








tpZH 


OE 


AorB 






10 


ns 


tPZL 






10 


tPHZ 


OE 


AorB 






10 


ns 


tPLZ 






10 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 Q 

-WV- 



500 ft 



S1, 



p 7V 

O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ'tPZL 
tPHZ/tPZH 


Open 
7 V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



1.5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



3 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL 



|tPLZ->J j«- 



| tpHZ A- 
tpZH |4- . 



VQH-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT1 62500, SN74ABT1 62500 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
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B-Port Outputs Have Equivalent 25-Q 
Series Resistors, So No External Resistors 
Are Required 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-UB f BiCMOS Design 
Significantly Reduces Power Dissipation 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-1 7 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT1 62500 ... WD PACKAGE 
SN74ABT1 62500 . . . DL PACKAGE 
(TOP VIEW) 



OEABl 

leabI 

A1 I 

gndI 

A2 I 
A3 I 

V C C 
A4 
A5 
A6 
GND I 
A7 
A8 
A9 
A10 
A11 
A12 
GND 
A13 
A14 
A15 

V C C 
A16 
A17 
GND 
A18 
OEBA 
LEBA 



T7 



56 ] GND 
55 ] CLKAB 
54]B1 
53 ] GND 
52 ] B2 
51 ] B3 
50 ] V cc 
] B4 
] B5 
47 ] B6 
46p GND 
B7 
B8 
B9 
B10 
B11 
B12 
GND 
B13 
B14 
B15 

V C C 
B16 
B17 
GND 
B18 



CLKBA 
GND 



These 18-bit universal bus transceivers combine 
D-type latches and D-type flip-flops to allow data 
flow in transparent, latched, and clocked modes. 
Data flow in each directi on is controlled by 
output-enable (OEAB and OEBA), latch-e nable 
(LEAB and LEBA), and clock (CLKAB and 
CLKBA) inputs. 

For A-to-B data flo w, the de vice operates in the transparent mode when LEAB is high. When LEAB is low, the 
A data is latched if CLKAB is held at a high or low logic level. If LEAB is low, the A bus data is stored in the 
latch/flip-flop on the high-to-low transition of CLKAB. Output-enable OEAB is active high. When OEAB is high, 
the outputs are active. When OEAB is low, the outputs are in the high-impedance state. 



Data flow for B to A is similar to that of A to B b ut uses OEBA, LEBA, and CLKBA. The output enables are 
complementary (OEAB is active high and OEBA is active low). 

The B-port outputs, which are designed to source or sink up to 12 mA, include 25-£2 series resistors to reduce 
overshoot and undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to GND through a 
pulldown resistor; the minimum value of the resistor is determined by the current-sourcing capability of the 
driver. 



Widebus+, EPIC-IIB, and UBT are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or m Copyright © 1 992, Texas Instruments Incorporated 

Texas 



design phase of development. Characteristic data and other W arn 
specifications are design goals. Texas Instruments reserves the right to wVW 
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description (continued) 

The SN74ABT1 62500 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 62500 is characterized over the full military temperature range of -55°C to 125°C. The 
SN74ABT1 62500 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLET 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKAB 


A 


B 


L 


X 


X 


X 


Z 


H 


H 


X 


L 


L 


H 


H 


X 


H 


H 


H 


L 


i 


L 


L 


H 


L 


I 


H 


H 


H 


L 


H 


X 


B 0 * 


H 


L 


L 


X 


B 0 § 



t A-to- B data flow is sho wn: B-to -A flow is similar but 

uses OEBA, LEBA, and CLKBA. 
$ Output level before the indicated steady-state input 

conditions were established. 
§ Output level before the indicated steady-sta te input 

conditions were established, provided that CLKAB 

was low before LEAB went low. 
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logic symbolt 




t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 




To 17 Other Channels 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc ■•■ -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 62500 (A port) . . 96 mA 

SN74ABT162500(Aport) 128 mA 

B port 30 mA 

Input clamp current, Iik ( v i < 0) , . . — -18 mA 

Output clamp current, Iqk ( v O < °) ■ ■ -50 mA 

Maximum power dissipation at TX = 55°C (in still air) 1 W 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 









SN54ABT1 62500 


SN74ABT1 62500 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


A port 


-24 


-32 


mA 


B port 


-12 


-12 


>OL 


Low-level output current 


A port 


48 


64 


mA 


B port 


\ 


12 


12 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT1 62500 


SN74ABT1 62500 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


VcC = 4 -5V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


A port 


V C C = 4.5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, loH = -3mA 


3 


3 


3 


V CC = 4 5 v > 'OH = - 24 mA 


2 


2 




Vcc = 4.5V, l 0 H = -32mA 


2* 




2 


B port 


VqC = 4 -5 v . 'oh = - 1 mA 


3.35 


3.3 


3.35 


VcC = 5V, 'l0H = -1 mA 


3.85 


3.8 


3.85 


V C C = 4.5V, l 0 H = -3mA 


3.1 


3 


3.1 


VcC = 4.5V, l 0 H = -l2mA 


2.6 




2.6 


vol 


A port 


V C C = 4.5 V 


lOL = 48 mA 


0.55 


0.55 




V 


Iql = 64 mA 


0.55* 




0.55 


Bport 


Vcc = 4-5V, loL = 12mA 


0.8 


0.8 


0.8 


h 


Control inputs 


V C C = 5.5V, 
V| = V C c or GND 


±1 


±1 


±1 


\iA 


A or B ports 


±20 


±20 


±20 


'OZH§ 


V C C = 5.5 V, V 0 = 2.7 V 


10 


10 


10 




'OZL§ 


Vcc = 5.5 V, V 0 = 0.5 V 


-10 


-10 


-10 


|iA 


'off 


VQC = 0. v l or v O ^ 4.5 V 


±100 




±100 


^A 


'CEX 


V C C = 5.5 V, 
Vq = 5.5 V 


Outputs high 


50 


50 


50 


^A 




A port 


Vcc = 5.5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


Bport 


V C C = 5.5 V 


V 0 = 2.5V 


-25 -55 -100 


-25 -100 


-25 -100 


'cc 


A or B ports 


V C C = 5.5 V, 

'o = o. 

V| = V C c or GND 


Outputs high 


3 


3 


3 


mA 


Outputs low 


36 


36 


36 


Outputs disabled 


3 


3 


3 


Alcc # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc ° r GND 


50 


50 


50 


^A 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 


3 






pF 


Cj 0 


A or B ports 


Vq = 2.5 V or 0.5 V 


9 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH ar) d 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT1 62500, SN74ABT1 62500 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 











SN54ABT1 62500 


SN74ABT1 62500 


UNIT 










MIN MAX 


MIN MAX 


f clock 


Clock frequency 






0 150 


0 150 


MHz 




Pulse duration 


LEAB or LEBA high 






ns 


t w 


CLKAB or CLKBA high or low 










A before CLKABi 








*su 


Setup time 


B before CLKBAi 






ns 


A before LEAB4- or B before LEBA4- 


CLK high 










CLK~low 








th 


Hold time 


A after CLKAB4 or B after CLKBAi 






ns 


A after LEABl or B after LEBAl 







switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT1 62500 


SN74ABT1 62500 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


fmax 






150 200 


150 


150 


MHz 


tPLH 


A or B 


Bor A 








ns 


tPHL 








tPLH 


LEAB or LEBA 


BorA 








ns 


tPHL 








tPLH 




B or A 








ns 


tPHL 


CLKAB or CLKBA 








tpZH 




B or A 








ns 


tPZL 


OEAB or OEBA 








tPHZ 




B or A 








ns 


tPLZ 


OEAB or OEBA 
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SN54ABT1 62500, SN74ABT1 62500 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED OCTOBER 1 992 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 Cl 

— vw- 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ/tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



Timing Input 



VOLTAGE WAVEFORMS 
PULSE DURATION 



I _l 3V | t su I t h j 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



tPLH —fi >\ 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL 



tpZH 



| tPHZ -*l 



VQH-0.3V 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zrj = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 



6-88 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT1 62501, SN74ABT1 62501 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SEPTEMBER 1992 - REVISED OCTOBER 1992 



B-Port Outputs Have Equivalent 25-Q 
Series Resistors, So No External Resistors 
Are Required 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard J ESD- 17 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT1 62501 ... WD PACKAGE 
SN74ABT1 62501 . . . DL PACKAGE 
(TOP VIEW) 



description 





u 


56 




oeab[ 


1 


] GND 


leab[ 


2 


55 


] CLKAB 


A1 [ 


3 


54 


]B1 


gnd[ 


4 


53 


]GND 


A2[ 


5 


52 


] B2 


A3[ 


6 


51 


] B3 


v CC [ 


7 


50 


]v cc 


A4[ 


8 


49 


] B4 


A5[ 


9 


48 


]B5 


A6[ 


10 


47 


] B6 


gnd[ 


11 


46 


]GND 


A7[ 


12 


45 


]B7 


A8 [ 


13 


44 


J B8 


A9[ 


14 


43 


] B9 


A10 [ 


15 


42 


] B10 


A11 [ 


16 


41 


]B11 


A12 [ 


17 


40 


] B12 


gnd[ 


18 


39 


] GND 


A13 [ 


19 


38 


1 r-» _. « 

j B13 


A14 [ 


20 


37 


] B14 


A15[ 


21 


36 


] B15 


v CC [ 


22 


35 


]v cc 


A16 [ 


23 


34 


] B16 


A17[ 


24 


33 


] B17 


gnd[ 


25 


32 


] GND 


A18 [ 


26 


31 


]B18 


OEBA[ 


27 


30 


] CLKBA 


leba[ 


28 


29 


] GND 



These 1 8-bit universal bus transceivers consist of 
storage elements that can operate either as 
D-type latches or D-type flip-flops to allow data 
flow in transparent or clocked modes. 

Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when 
LEAB is high. When LEAB is low, the A data is latched if CLKAB is held at a high or low logic level. If LEAB is 
low, the A bus data is stored in the latch/flip-flop on the low-to-high transition of CLKAB. When OEAB is high, 
the outputs are active. When OEAB is low, the outputs are in the high-impedance state. 



Data flow for B to A is similar to that of A to B b ut uses OEBA, LEBA, and CLKBA. The output enables are 
complementary (OEAB is active high and OEBA is active low). 

The B-port outputs, which are designed to source or sink up to 12 mA, include 25-Q series resistors to reduce 
overshoot and undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to GND through a 
pulldown resistor; the minimum value of the resistor is determined by the current-sou rcing capability of the 
driver. 

The SN74ABT1 62501 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 



Widebus+, EPIC-IIB, and UBT are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 992, Texas Instruments Incorporated 

design phase of development. Characteristic data and other _ 
specifications are design goals. Texas Instruments reserves the right to Tfcv A O 

change or discontinue these products without notice. I r.XA^ 
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SN54ABT1 62501, SN74ABT1 62501 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SEPTEMBER 1 992 - REVISED OCTOBER 1 992 - 



description (continued) 

The SN54ABT1 62501 is characterized over the full military temperature range of -55°C to 125°C. The 
SN74ABT1 62501 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLET 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKAB 


A 


B 


L 


X 


X 


X 


Z 


H 


H 


X 


L 


L 


H 


H 


X 


H 


H 


H 


L 


T 


L 


L 


H 


L 


t 


H 


H 


H 


L 


H 


X 


Bo* 


H 


L 


L 


X 


B 0 § 



t A-to- B data flow is shown: B-to-A flow is similar but 

uses OEBA, LEBA, and CLKBA. 
t- Output level before the indicated steady-state input 

conditions were established, provided that CLKAB 

was high before LEAB went low. 
§ Output level before the indicated steady-state input 

conditions were established. 
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SN54ABT1 62501, SN74ABT1 62501 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



SEPTEMBER 1992- REVISED OCTOBER 1992 



logic symbolt 



OEAB 
CLKAB 
LEAB 



OEBA 
CLKBA 
LEBA 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 
A18 



55 



27 



30 



28 



HI 



EN1 

> 2C3 
C3 
G2 

EN4 

> 5C6 
C6 
G5 



3 




54 


— r— 

5 


3D 1 1V 


-M— I 


4V 1 6D 


52 




6 


51 




8 


49 




9 


48 




10 


47 




12 


45 




13 


44 




14 


43 




15 


42 




16 


41 




17 


40 




19 


38 




20 


37 




21 


36 




23 


34 




24 


33 




26 


31 









B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

B10 

B11 

B12 

B13 

B14 

B15 

B16 

B17 

B18 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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SN54ABT162501, SN74ABT162501 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SEPTEMBER 1992 - REVISED OCTOBER 1992 



logic diagram (positive logic) 



CLKAB 



CLKBA 




V 

To 17 Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc ••• -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT1 62501 (A port) 96 mA 

SN74ABT1 62501 (A port) 128 mA 

B port 30 mA 

Input clamp current, Iik ( v i < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range -65°Cto150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT1 62501, SN74ABT162501 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



recommended operating conditions (see Note 2) 









SN54ABT1 62501 


SN74ABT1 62501 


UNIT 








MIN 


MAX 


MIN 


MAX 


V CC 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V IH 


High-level input voltage 




2 


2 


V 


Vn 
V IL 


1 rtu/-lo\/ol inm it \/r>ltano 
luw icvci nipui vuiiaye 




0.8 


0.8 


v 


V| 


Input voltage 




0 


vec 


0 


vec 


V 


'OH 


High-level output current 


A port 


-24 


-32 


mA 


B port 


-12 


-12 


'OL 


Low-level output current 


A port 


48 


64 


mA 


B port 


12 


12 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 




Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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SN54 ABT1 62501, SN74ABT1 62501 

1 8-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SEPTEMBER 1992 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT1 62501 


SN74ABT1 62501 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


V 0 H 


A port 


Vcc = 45 v > 'OH = - 3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, l 0 H = -3mA 


3 


3 


3 


VqC = 4.5 V, Iqh = - 24 mA 


2 


2 




V C C = 4.5 V, loH = -32mA 


2t. 




2 


Bport 


VcC = 4.5V, l 0 H=-1mA 


3.35 


3.3 


3.35 


Vcc = 5 V, Iqh = " 1 mA 


3.85 


3.8 


3.85 


V C C = 4.5 V, IOH = -3mA 


3.1 


3 


3.1 


Vcc = 4-5V, 'OH = " ">2mA 


2.6 




2.6 


vol 


A port 


Vcc = 4.5 V 


lOL = 48 mA 


0.55 


0.55 




v 


Iql = 64 mA 


0.55-t- 




0.55 


B port 


Vcc = 4.5 V, l 0 L=12mA 


0.8 


0.8 


0.8 


h 


Control inputs 


V C C = 5.5 V, 
V| = Vcc o r G ND 


+1 


±1 


+-j 


uA 


A or B ports 


±20 


±20 


+20 


"OZH§ 


Vcc = 5.5 V, Vo = 2.7 V 


10 


10 


10 


uA 


"OZL§ 


V C C = 5.5 V, V O = 0.5V 


— 10 


— 10 


— 10 


uA 


'off 


Vcc = °. v | or Vq < 4.5 V 


±100 




±100 




>CEX 


Vcc = 5.5 V, 
Vq = 5.5 V 


Outputs high 


50 


50 


50 


uA 




A port 


Vcc = 5-5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


B port 


V C C = 5.5 V 


Vq = 2.5 V 


-25 -55 -100 


-25 -100 


-25 -100 


'cc 


A or B ports 


V C C = 5.5 V, 

io = o, 

V| = V C c or GND 


Outputs high 


3 


3 


3 


mA 


Outputs low 


36 


36 


36 


Outputs disabled 


3 


3 


3 


Alcc # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


50 


50 


50 


uA 


Cj 


Control inputs 


V| = 2.5Vor 0.5 V 


3 






PF 


Qo 


A or B ports 


Vq = 2.5 V or 0.5 V 


9 






pF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters Iqzh and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT1 62540, SN74ABT1 62540 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JULY 1993 



Output Ports Have Equivalent 25-Q. Series 
Resistors, So No External Resistors Are 
Required 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
Distributed Vcc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT1 62540 ... WD PACKAGE 
SN74ABT1 62540 . . . DL PACKAGE 
(TOP VIEW) 



These 16-bit buffers and bus drivers provide a 
high-performance bus interface for wide data 
paths. 

The 3-state control gate is a 2-input AND gate with 
active -lo w inp uts so that if either output-enable 
(OE1 or OE2) input is high, all corresponding 
outputs are in the high-impedance state. 

The outputs, which are designed to source or sink up to 1 2 mA, 
and undershoot. 



10ETI 
1Y1 1 
1 Y2 1 

GND I 
1 Y3 1 
1Y4 1 

Vcc! 

1Y5I 
1Y6l 

GND I 
1 Y7 1 
1Y8 1 
2Y1 I 
2Y2l 

GND I 
2Y3l 
2Y4l 

Vccj 

2Y5l 
2Y6l 

GND I 
2Y7l 
2Y8 l 

20ETI 



TT 



] 10E2 
] 1A1 
] 1A2 
] GND 
] 1A3 
] 1A4 

]v cc 

J 1A5 
] 1A6 

]gnd 

] 1A7 
] 1A8 
]2A1 
]2A2 
] GND 
]2A3 
32A4 

]v cc 

J2A5 
]2A6 

]gnd 

]2A7 
]2A8 
25 ] 20E2 



include 25-Q series resistors to reduce overshoot 



To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 62540 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 62540 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 62540 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


OUTPUT 


OE1 


Ol2 


A 


Y 


L 


L 


L 


H 


L 


L 


H 


L 


H 


X 


X 


Z 


X 


H 


X 


Z 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 993, Texas Instruments Incorporated 

design phase of development. Characteristic data and other ^Kfi 
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SN54ABT1 62540, SN74ABT1 62540 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JULY 1993 



logic symbolt 



logic diagram (positive logic) 



10E1 
10E2 
20ET 
20E2 

1A1 
1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
2A1 
2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



1 IN 


& 


EN1 
EN2 


48 IS 


24 rs 


& 


25 N 









10E1 
10E2 



1A1 



48 



47 



HI 


1 1V 


\ 


46 


. 3 

\ 




44 




x 5 




43 




N 6 




41 




8 




40 




9 




38 








37 




12 




36 




N 13 


1 2V 


35 


14 




33 




16 




32 




17 




30 




19 




29 




20 




27 




22 




26 




23 











1Y1 
1Y2 
1Y3 
1Y4 
1Y5 
1Y6 
1Y7 
1Y8 
2Y1 
2Y2 
2Y3 
2Y4 
2Y5 
2Y6 
2Y7 
2Y8 



1Y1 



To Seven Other Channels 



20E1 
20E2 



2A1 



24 



36 



13 



2Y1 



To Seven Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqq -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q 30 mA 

Input clamp current, Iik (V| < 0) -18 mA 

Output clamp current, Iqk (Vo < °) ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) 0.85 W 

Storage temperature range -65°C to 1 50°C 

i Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT162540, SN74ABT162540 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 



recommended operating conditions (see Note 2) 







SN54ABT1 62540 


SN74ABT1 62540 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


v C c 


V 


'OH 


High-level output current 


-12 


-12 


mA 


lOL 


Low-level output current 


12 


12 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT1 62540 


SN74ABT1 62540 


UNIT 


MIN TYPt MAX 

■Villi 1 I M ■ IVI^SV 


MIN MAX 


MIN MAX 


V IK 


Vqc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


V 0H 


V C C = 4.5 V, l 0 H = -1mA 


3.35 


3.3 


3.35 


V 


Vcc = 5 V, Iqh = - 1 mA 


3.85 


3.8 


3.85 


V C C = 4.5V, l 0 H = -3mA 


3.1 


3 


3.1 


Vcc = 4-5V, lOH =- 12 mA 


2.6+ 




2.6 


vol 


Vcc = 4.5 V, Iql = 8 mA 


0.4 0.8 


0.8 


0.65 


V 


Vcc = 4-5V, IOL=12mA 






0.8 


"i 


Vcc = 5 -5 V, V| = Vcc or GND 


±1 


±1 


±1 


uA 


'OZH§ 


V C C = 5.5 V, V 0 = 2.7V 


50 


50 


50 


uA 


"OZL § 


Vcc = 5-5 V, Vo = 0.5 V 


-50 


-50 


-50 


^iA 


'off 


Vcc = 0» V| or Vq < 4.5 V 


±100 




±100 


liA 


•CEX 


V C C = 5.5 V, 
V 0 = 5.5 V 


Outputs high 


50 


50 


50 


|iA 




Vcc = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, l O = 0, 
V| - V C C o r GND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


Alcc # 


V C C = 5.5 V, 
One input at 
3.4 V, 

Other inputs 
at Vcc or 
GND 


Data 
inputs 


Outputs enabled 


1 


1.5 


1 


mA 


Outputs disabled 


0.05 


1 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5 V or 0.5 V 


7 






PF 


Co 


Vq = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters IqzH ar, d 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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SN54ABT1 62541, SN74ABT162541 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JULY 1993 



Output Ports Have Equivalent 25-Q. Series 
Resistors, So No External Resistors Are 
Required 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EP/C-IIS™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-1 7 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V C c = 5 V, T A = 25°C 
Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT1 62541 ...WD 
SN74ABT1 62541 . . . DL 
(TOP VIEW) 



PACKAGE 
PACKAGE 



description 



r 

10E1 L 


U 

1 


48 


J 10E2 


1Y1 [ 


2 


47 


J 1A1 


1 Y2 [ 


3 , 


46 


J 1A2 


GND [ 


4 


45 


J GND 


1 Y3 [ 


5 


44 


J 1A3 


1 Y4 [ 


6 


43 


J 1A4 


w r 
v ccL 


7 


42 


] V CC 


1 TO L 


8 


41 


1 A AC 

J 1AO 


1Y6 [ 


9 


40 


J 1A6 


GND [ 


10 


39 


J GND 


1Y7 [ 


11 


38 


J 1A7 


1 Y8 [ 


12 


37 


J 1A8 


2Y1 [ 


13 


36 


J 2A1 


2Y2[ 


14 


35 


] 2A2 


gnd[ 


15 


34 


] GND 


2Y3[ 


16 


33 


]2A3 


2Y4[ 


17 


32 


]2A4 


v cc [ 


18 


31 


]v cc 


2Y5[ 


19 


30 


]2A5 


2Y6[ 


20 


29 


]2A6 


gnd[ 


21 


28 


]gnd 


2Y7[ 


22 


27 


]2A7 


2Y8[ 


23 


26 


]2A8 


20ET[ 


24 


25 


]20E2 



The 'ABT1 62541 is a noninverting 16-bit buffer 
composed of two 8-bit sections with separate 
output-enable signals. For eit her 8 -bit b uffer 
sec tion, the t wo ou tput-enable (10E1 and 10E2 
or20E1 and 20E2) inputs must both be low for the 
corresponding Y outputs to be active. If either 
output-enable input is high, the outputs of that 
8-bit buffer section are in the high-impedance 
state. 

The outputs, which are designed to source or sink up to 1 2 mA, include 25-Q series resistors to reduce overshoot 
and undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 62541 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 62541 is characterized for operation oyer the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 62541 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


OUTPUT 


OET 


OE2 


A 


Y 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


Z 


X 


H 


X 


Z 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT1 62541, SN74ABT162541 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JULY 1993 



logic symbolt 



logic diagram (positive logic) 



10E1 


1 


IN 


48 


IN 


10E2 






20E1 
20E2 


24 


IN 


25 


IN 



EN1 



EN2 



1A1 
1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
2A1 
2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



47 


1 1 V 


2 


46 


3 




44 




5 




43 




6 




41 


8 




40 




9 




38 


11 




37 


12 




36 




13 


1 2V 


35 


14 




33 


16 




32 




17 




30 


19 




29 


20 




27 




22 




26 


23 











1Y1 
1Y2 
1Y3 
1Y4 
1Y5 
1Y6 
1Y7 
1Y8 
2Y1 
2Y2 
2Y3 
2Y4 
2Y5 
2Y6 
2Y7 
2Y8 




1Y1 



To Seven Other Channels 



2A1 



36 



13 



2Y1 



To Seven Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q 30 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■ ■ ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) 0.85 W 

Storage temperature range -65°C to 150°C 

$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT1 62541, SN74ABT1 62541 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 



recommended operating conditions (see Note 2) 









SN54ABT1 62541 


SN74ABT1 62541 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 




-12 


-12 


mA 


"OL 


Low-level output current 




12 


12 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT1 62541 


SN74ABT1 62541 


UNIT 


MINI TVot MAY 
MUM lirl MAA 


MIKI MAY 


MIM MAY 
MIN MAA 


V IK 


V C C = 4.5 V, l| = -18mA 


—1 .2 


— 1 .d. 


1 O 

—1 


y 


V OH 


Vcc = 4-5V, IOH = -1mA 


3.35 


3.3 


3.35 


V 


Vcc = 5 V, Iqh = - 1 mA 


3.85 


3.8 


3.85 


V C C = 4.5 V, IOH = -3mA 


3.1 


3 


3.1 


V C C = 4.5V, l 0 H = -12mA 


2.6* 




2.6 


vol 


Vcc = 4.5 V, Iol = 8 mA 


0.4 0.8 


0.8 


0.65 


V 


Vcc = 4.5 V, l 0 L = 12mA 






0.8 


ii 


Vcc = 5.5 V, V| = V C CorGND 


±1 


±1 


±1 


uA 


'OZH § 


VCC = 5.5 V, V 0 = 2.7 V 


50 


50 


50 


uA 


'OZL § 


Vcc = 5.5 V, V 0 = 0.5 V 


-50 


-50 


-50 


uA 


'off 


Vcc = 0, V|orV 0 <4.5 V 


±100 




±100 


uA 


'CEX 


V C C = 5.5 V, 
V 0 = 5.5 V 


Outputs high 


50 


50 


50 


uA 




V C C = 5.5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, l O = 0, 
V| - V C C or GND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


2 


2 


2 


Alcc # 


V C C = 5.5 V, 
One input at 
3.4 V, 

Other inputs 
at Vcc or 
GND 


Data 
inputs 


Outputs enabled 


1 


1.5 


1 


mA 


Outputs disabled 


0.05 


1 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Ci 


V| = 2.5 V or 0.5 V 


7 






pF 


Co 


Vq = 2.5 V or 0.5 V 


7 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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SN54ABT162600, SN74ABT162600 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



JUNE 1992 - REVISED OCTOBER 1992 



B-Port Outputs Have Equivalent 25-Q. 
Series Resistors, So No External Resistors 
Are Required 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-WB ™ BiCMOS Design 
Significantly Reduces Power Dissipation 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, Clocked, or Clock-Enabled Mode 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54ABT1 62600 ... WD PACKAGE 
SN74ABT162600 . . . DL PACKAGE 
(TOP VIEW) 



description 



OEAB[ 1 
LEAB[ 2 
A1 [ 3 
GND[ 4 
A2[ 5 
A3[ 6 
V CC 
A4[ 8 
A5[ 9 
A6[ 10 
GND[ 11 
A7[ 12 
A8[ 13 
A9[ 14 
A10[ 15 
A11 [ 16 
A12[ 17 
GND[ 18 
A13[ 19 
A14[ 20 
A15[ 21 

V C cE 22 
A16[ 23 
A17[ 24 
GND[ 25 
A18[ 26 
OEBA[ 27 
LEBA [ 28 



XT 



56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 



] CLKEN AB 
] CLKAB 
]B1 

]gnd 

]B2 
] B3 

]v cc 

]B4 

] B5 

] B6 

]GND 

]B7 

]B8 

]B9 

]B10 

]B11 

] B12 

]GND 

] B13 

] B14 

]B15 

]v cc 

]B16 
]B17 
]GND 
] B18 
] CLKBA 
] CLKENBA 



These 18-bit universal bus transceivers combine 
D-type latches and D-type flip-flops to allow data 
flow in transparent, latched, and clocked modes. 

Data flow in each d irecti on is con trolled by output-enable (OEAB and OEBA), latch-enable (L EAB and LE BA), 
and clock (CLKAB and CLKBA) inputs. The clock can be controlled by the clock-enable (CLKENAB and 
CLKENBA) inputs. For A-to-B data fl ow, the d evice operates in the transparent mode when LEAB is high. When 
LEAB is low, the A data is latched if CLKAB is held at a hig h or low logic level. If L EAB is low, the A-bus data 
is store d in the latch/flip-flop on the high-t o-low tr ansition of CLKAB. Output-enable OEAB is active-low. When 
OEAB is low, the outputs are active. When OE AB is h igh, the outputs are in the high-im pedance state. Data flow 
for B to A is similar to that of A to B but uses OEBA, LEBA, CLKBA, and CLKENBA. 

The B-port outputs, which are designed to source or sink up to 12 mA, include 25-Q series resistors to reduce 
overshoot and undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 62600 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 62600 is characterized over the full military temperature range of -55°C to 125°C. The 
SN74ABT1 62600 is characterized for operation from -40°C to 85°C. 



Widebus, EPIC-IIB, and UBT are trademarks of Texas Instruments Incorporated. 
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SN54ABT1 62600, SN74ABT162600 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED OCTOBER 1 992 



FUNCTION TABLET 



INPUTS 


OUTPUT 


CLKENAB 


OEAB 


LEAB 


CLKAB 


A 


B 


X 


H 


X 


X 


X 


Z 


X 


L 


H 


X 


L 


L 


X 


L 


H 


X 


H 


H 


H 


L 


L 


X 


X 




H 


L 


L 


X 


X 


Bo* 


L 


L 


L 


I 


L 


L 


L 


L 


L 


i 


H 


H 


L 


L 


L 


H 


X 


B 0 * 


L 


L 


L 


L 


X 


B 0 § 



t A-to-B data flo w is shown: B-to -A flow is similar but uses OEBA, 

LEBA, CLKBA, and CLKENBA. 
* Output level before the indicated steady-state input conditions were 

established. 

§ Output level before the indi cated st eady-state input conditions were 
established, provided that CLKAB was low before LEAB went low. 
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SN54ABT1 62600, SN74ABT1 62600 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



JUNE 1992 - REVISED OCTOBER 1992 



logic diagram (positive logic) 




v 

To 17 Other Channels 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc _0 - 5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 62600 (A port) 96 mA 

SN74ABT162600(Aport) 128 mA 

B port 30 mA 

Input clamp current, l|K ( v l < °) -18 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air) 1 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT1 62600, SN74ABT162600 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



JUNE 1 992 - REVISED OCTOBER 1 992 



recommended operating conditions (see Note 2) 









SN54ABT1 62600 


SN74ABT1 62600 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


A port 


-24 


-32 


mA 


B port 


-12 


-12 


>OL 


Low-level output current 


A port 


48 


64 


mA 


B port 


12 


12 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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SN54ABT1 62600, SN74ABT1 62600 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT1 62600 


SN74ABT1 62600 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4 -5V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


V 0 H 


A port 


Vcc = 4.5 V, Iqh =~3 mA 


2.5 


2.5 


2.5 


V 


VcC = 5V, loH = -3mA 


3 


3 


3 


Vcc = 4.5 V, loH=-24mA 


2 


2 




Vcc = 4.5 V, l 0 H = -32rhA 


2t 




2 


B port 


Vcc = 4.5 V, 'OH=-1 mA 


3.35 


3.3 


3.35 


Vcc = 5 V, lOH = ~ 1 mA 


3.85 


3.8 


3.85 


Vcc = 4-5V, l 0 H = -3mA 


3.1 


3 


3.1 


Vcc = 4.5 V, Iqh =- 12 mA 


2.6 




2.6 


vol 


A port 


V C C = 4-5V 


lOL = 48 mA 


0.55 


0.55 




V 


Iql = 64 mA 


0.55+ 




0.55 


B port 


Vcc = 4-5V, IOL=12mA 


0.8 


0.8 


0.8 


"i 


Control inputs 


V C C = 5.5 V, 
V| = Vcc o r GND 


+1 


±1 


±1 


|iA 


A or B ports 


±20 


±20 


±20 


»OZH § 


V C C = 5 -5 V, Vo = 2.7 V 


10 


10 


10 




"OZL § 


V C C = 5-5 V, Vo = 0.5 V 


-10 


-10 


-10 




'off 


Vcc = °. v | or Vo < 4.5 V 


-4-1 nn 
xlUU 




4-1 nn 
X I uu 


ii A 


'CEX 


V C c = 5-5 V, 
V 0 = 5.5 V 


Outputs high 


50 


50 


50 


uA 


ion 


A port 


Vcc = 5-5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


B port 


V C C = 5.5 V 


Vo = 2.5 V 


-25 -55 -100 


-25 -100 


-25 -100 


'cc 


A or B ports 


V C C = 5.5 V, 

io = o. 

V| = Vcc or GND 


Outputs high 


3 


3 


3 


mA 


Outputs low 


36 


36 


36 


Outputs disabled 


3 


3 


3 


AlcC # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


50 


50 


50 




Cj 


Control inputs 


V| = 2.5Vor 0.5 V 


3 






pF 


Qo 


A or B ports 


V 0 = 2.5 V or 0.5 V 


9 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters IqzH and 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT1 62600, SN74ABT1 62600 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 











SN54ABT1 62600 


SN74ABT1 62600 


UNIT 










MIN MAX 


MIN MAX 


f clock 


Clock frequency 






0 150 


0 150 


MHz 


t w 


Pulse duration 


LEAB or LEBA high 






ns 


CLKAB or CLKBA high or low 










A before CLKABi 










Setup time 


B before CLKBA4, 






ns 


*su 


A before LEAB4. or B before LEBA4- 


CLK high 










CLK low 








th 


Hold time 


A after CLKABi or B after CLKBAi 






ns 


A after LEABi or B after LEBAi 







■o 

33 
O 

o 
c 
o 

H 

"D 

DO 

rn 
< 

m 



* 
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SN54ABT1 62600, SN74ABT1 62600 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED OCTOBER 1992 



From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q 



S1, 



500 Q 



o 7V 

o Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZflpZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— y v — 

Input 1.5 Vit A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
0V 



Timing Input 



Data Input 



1.5 V 



3V 
0V 



3V 
0V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPZL -*j k- 



tPLZ -+j 



\l.5V Y 

A | / VQL + 03V 

| tpHZ ~*| j*- 
^"-+1 f*~ j 



3V 
0V 

3.5 V 

vol 



v OH 



» ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT1 62601, SN74ABT1 62601 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



AUGUST 1992 - REVISED JULY 1993 



B-Port Outputs Have Equivalent 25-Q 
Series Resistors, So No External Resistors 
Are Required 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, Clocked, or Clock-Enabled Mode 
Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 5 V, T A = 25°C 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT1 62601 ... WD PACKAGE 
SN74ABT1 62601 . . . DL PACKAGE 
(TOP VIEW) 



OEAB [ 1 
LEAB [ 2 
A1 [ 3 
GND [ 4 
A2[ 5 
A3[ 6 
V C C [7 
A4[ 8 
A5[ 9 
A6[ 10 
GND [ 11 
A7[ 12 
A8[ 13 
A9[ 14 
A10[ 15 
A11 [ 16 
A12[ 17 
GND [ 18 
A13[ 19 
A14[ 20 
A15[ 21 
VCC [ 22 
A16[ 23 
A17[ 24 
GND [ 25 
A18 [ 26 
OEBA [ 27 
LEBA [ 28 



XT 



CLKENAB 

CLKAB 

B1 

GND 

B2 

B3 

V C C 

B4 

B5 

B6 

GND 

B7 

B8 

B9 

B10 

B11 

B12 

GND 

B13 

B14 

B15 

V C C 
B16 
B17 
GND 
B18 
CLKBA 
] CLKENBA 



These 18-bit universal bus transceivers combine 
D-type latches and D-type flip-flops to allow data 
flow in transparent, latched, and clocked modes. 

Data flow in each d irecti on is controlled by 
output-enable (OEAB and OEBA), latch-enable 
(LEAB and LEBA), and clock (CLKAB and 
CLKBA) input s. The clock can be controlle d by the 
clock-enable (CLKENAB and CLKENBA) inputs. 

For A-to-B data flow, the device operates in the transparent mode when LEAB is high. When LEAB is low, the 
A data is latched if CLKAB is held at a high or low logic level. If LE AB is lo w, the A-bus data is stored in the 
latch/flip-flop on the high-to-l ow tran sition of CLKAB. Output-enable OEAB is active-low. When OEAB is low, 
the outputs are active. When OEA B is hig h, the outputs are in the high-im pedance state. Data flow for B to A 
is similar to that of A to B but uses OEBA, LEBA, CLKBA, and CLKENBA. 

The B-port outputs, which are designed to source or sink up to 12 mA, include 25-Q series resistors to reduce 
overshoot and undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 62601 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 62601 is characterized over the full military temperature range of -55°C to 125°C. The 
SN74ABT1 62601 is characterized for operation from -40°C to 85°C. 



Widebus, EPIC-IIB, and UBT are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION m Copyright © 1 993, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to J/| 

specifications per the terms of Texas Instruments standard warranty. wVW Tt "V AC 

Production processing does not necessarily include testing of all \f I KXA^ 
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SN54ABT1 62601 , SN74ABT1 62601 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



FUNCTION TABLET 



INPUTS 


r\l |TDI IT 
UU 1 rU 1 


C\ KFNAR 

vLIVCNHD 


OEAB 


LEAB 


CLKAB 


A 


B 


X 


H 


x 


x 


x 


z 


X 


L 


H 


X 


L 


L 


X 


L 


H 


X 


H 


H 


H 


L 


L 


X 


X 


Bo* 


H 


L 


L 


X 


X 


B 0 * 


L 


L 


L 


t 


L 


L 


L 


L 


L 


t 


H 


H 


L 


L 


L 


L 


X 


B 0 * 


L 


L 


L 


H 


X 


B 0 § 



t A-to-B data flow is shown: B-t o-A flow is similar but uses OEBA, 
LEBA, CLKBA, and CLKENBA. 



$ Output level before the indicated steady-state input conditions were 
established. 

§ Output level before the indicated steady-state input conditions were 
established, provided that CLKAB was low before LEAB went low. 
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SN54ABT1 62601, SN74ABT1 62601 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



AUGUST 1992 - REVISED JULY 1993 



logic diagram (positive logic) 




To 17 Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 62601 (A port) 96 mA 

SN74ABT1 62601 (A port) 128 mA 

B port 30 mA 

Input clamp current, l||< (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■ ■ ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) 1 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN54ABT1 62601, SN74ABT1 62601 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



recommended operating conditions (see Note 2) 









SN54ABT1 62601 


SN74ABT1 62601 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V IL 


Low-level input voltage 




as 


0.8 


V 


V| 


Input voltage 




0 


Vcc 


0 


vcc 


V 


'OH 


High-level output current 


A port 


-24 


-32 


mA 


B port 


-12 


-12 


lOL 


Low-level output current 


A port 


48 


64 


mA 


B port 


12 


12 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54ABT1 62601, SN74ABT1 62601 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

AUGUST 1 992 - REVISED JULY 1 993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT1 62601 


SN74ABT1 62601 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l| = -18mA 


-1.2 


-1 .2 


-1.2 


V 


VOH 


A port 


Vcc = 4 5 v , 'OH = - 3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = - 3 mA 


3 


3 


3 


Vcc = 4 5 V, lOH = - 24 mA 


2 


2 




VCC = 4 -5V, l 0 H = " 32 mA 


2t 




2 


B port 


Vqc = 45 V, loH = - 1 mA 


3.35 


3.3 


3.35 


Vcc = 5 V, Iqh = - 1 mA 


3.85 


3.8 


3.85 


Vcc = 4 -5V, l 0 H = -3mA 


3.1 


3 


3.1 


Vcc = 4 - 5V , Iqh = ~ 12 mA 


2.6 




2.6 


vol 


A port 


V C C = 4 -5V 


Iql = 4 8 mA 


0.55 


0.55 




V 


Iql = 64 mA 


0.55* 




0.55 


Bport 


Vcc = 4 -5V, l 0 L = 12mA 


0.8 


0.8 


0.8 


ii 


Control inputs 


V C C = 5-5 V, 
V| = V C C or GND 


±1 


- ±1 


±1 


"A 


A or B ports 


±20 


±20 


±20 


'OZH § 


Vcc = 5.5 V, V 0 = 2.7V 


10 


10 


10 


uA 


'OZL § 


Vcc = 5-5 V, V 0 = 0.5 V 


-10 


-10 


-10 


uA 


'off 


Vcc = 0- V| or Vo < 4 -5 V 


±100 




±100 


uA 


"CEX 


Vcc = 5.5 V, 
Vq = 5.5 V 


Outputs high 


ou 


ou 


OU 


ii A 




A port 


VCC = 55 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


B port 


VCC = 5-5V 


V 0 = 2.5 V 


-25 -55 -100 


-25 -100 


-25 -100 


'cc 


A or B ports 


VCC = 5-5 V, 

io = o. 

V| = V C C ° r GND 


Outputs high 


3 


3 


3 


mA 


Outputs low 


36 


36 


36 


Outputs disabled 


3 


3 


3 


Alcc # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


50 


50 


50 


uA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 


3 






PF 


Qo 


A or B ports 


Vq = 2.5 V or 0.5 V 


9 






PF 



t All typical values are at Vcc = 5 V. 

*On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters IqzH and 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54ABT1 62601 , SN74ABT1 62601 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

AUGUST 1992 - REVISED JULY 1993 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





SN54ABT1 62601 


SN74ABT1 62601 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 150 


0 150 


MHz 


t w Pulse duration 


LEAB or LEBA high 


2.5 


2.5 


ns 


CLKAB or CLKBA high or low 


3 


3 


t su Setup time 


A before CLKABt or B before CLKBAt 


4.3 


4.3 


ns 


A before LEAB4, or B before LEBA4 


CLK high 


2.5 


2.5 


CLK low 


1 v 


1 


CLKEN before CLKt 


2,7 


2.7 


t n Hold time 


A after CLKABt or B after CLKBAt 


: 0 


0 


ns 


A after LEABi or B after LEBAi 


0.5 


0.5 


CLKEN after CLKt 


0 


0 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
Ta = 25°C 


SN54ABT1 62601 


SN74ABT1 62601 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f max 






150 


150 


150 


MHz 


tPLH 


A 


B 


1.5 


2.8 


4 


1.5 


5.1 


1.5 


4.8 


ns 


tPHL 


2 


3.7 


5.2 


2 


61 


2 


5.7 


tPLH 


B 


A 


1 


2.5 


3.6 


1 


4.2 


1 


4 


ns 


tPHL 


2 


3.3 


4.5 


2 


5.1 


2 


4.9 


tPLH 


LEBA 


A 


2 


3.3 


4.5 


2 


5.6 


2 


5 


ns 


tPHL 


2 


3.6 


4.7 


2 


6A 


2 


5 


tPLH 


LEAB 


B 


2 


3.4 


4.8 


2 


, 4 6.1 


2 


5.6 


ns 


tPHL 


2 


3.8 


5.2 


2 


6.4 


2 


5.9 


tPLH 


CLKBA 


A 


1.5 


3.1 


4.7 


1.5 


5.4 


1.5 


5.3 


ns 


tPHL 


1.5 


3.1 


4.3 


1.5 


5.2 


1.5 


5 


tPLH 


CLKAB 


B 


1.5 


3.3 


4.7 


1.5 


6 


1.5 


5.5 


ns 


tPHL 


1.5 


3.5 


4.8 


1.5 


5.8 


1.5 


5.3 


tpZH 


OEBA 


A 


2 


3.5 


4.6 


2 


5.3 


2 


5.1 


ns 


*PZL 


2 


3.7 


4.7 


2 


5.6 


2 


5.4 


tPZH 


OEAB 


B 


2 


3.8 


5.3 


2 


6.6 


2 


6.1 


ns 


tpZL 


2 


3.6 


5.1 


2 


6.2 


2 


5.7 


tPHZ 


OEBA 


A 


2 


3.6 


5.4 


2 


6.6 


2 


6.2 


ns 


tPLZ 


1.5 


3.2 


4.7 


1.5 


5.8 


1.5 


5.4 


tPHZ 


OEAB 


B 


2 


3.4 


4.8 


2 


5.6 


2 


5.4 


ns 


tPLZ 


1.5 


3.2 


4.5 


1.5 


5.7 


1.5 


5.2 
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SN54ABT1 62601, SN74ABT1 62601 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

AUGUST 1 992 - REVISED JULY 1 993 



PARAMETER MEASUREMENT INFORMATION 



From Output _ 



Under Test 
C L = 50 pF 
(see Note A) 



500 ft 

-AAA — 



500 £2 



SI 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7 V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



1.5 V 



IfiU ' 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



ZX 15V XEE 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPZL 



' tpLZ -frl 



\l.5V \S 



tpZH -*| |4- 

I 



1"T 

| tpHZ -*| |4- 



VQH-0-3V 



3 V 

ov 

3.5 V 

vol 

VOH 

- 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54ABT1 62827, SN74ABT1 62827 
20-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JULY 1993 



Output Ports Have Equivalent 25-n Series 
Resistors, So No External Resistors Are 
Required 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT1 62827 ... WD PACKAGE 
SN74ABT1 62827 . . . DL PACKAGE 
(TOP VIEW) 



r 

10E1 L 


1 


u 

56 


, 

J 10E2 


1Y1 L 


2 


55 


] 1A1 


1Y2 L 


3 


54 


] 1A2 


GND L 


4 


53 


] GND 


1Y3 [ 


5 


52 


] 1A3 


1Y4 [ 


6 


51 


] A14 


v cc [ 


7 


50 


J V CC 


1Y5 [ 


8 


49 


] 1A5 


1Y6 [ 


9 


48 


1 ^ Ac 
J 1A6 


1Y7 L 


10 


47 


] 1A7 


GND L 


11 


46 


] GND 


1YQ r 

I To L 


12 


45 


1 1 Aft 
J I MO 




13 


44 


1 ^ AO 


1 Y10 L 


14 


43 


] 1A10 


2Y1 L 


15 


42 


J £.Pi I 


ovo r 


16 


41 


] 2A2 


ovq r 


17 


40 


1 OAQ 

J cAo 


GND [ 


18 


39 


] GND 


2Y4 [ 


19 


38 


] 2A4 


2Y5 [ 


20 


37 


]2A5 


2Y6 [ 


21 


36 


] 2A6 


v C c[ 


22 


35 


]v cc 


2Y7 [ 


23 


34 


]2A7 


2Y8 [ 


24 


33 


]2A8 


GND [ 


25 


32 


] GND 


2Y9 [ 


26 


31 


] 2A9 


2Y10 [ 


27 


30 


]2A10 


2QET [ 


28 


29 


] 20E2 



The 'ABT1 62827 is a noninverting 20-bit buffer 
composed of two 10-bit sections with separate 
output-enable signals. For eith er 10 -bit b uffer 
sec tion, the t wo ou tput-enable (10E1 and 10E2 
or20E1 and 20E2) inputs must both be low for the 
corresponding Y outputs to be active. If either 
output-enable input is high, the outputs of that 
10-bit buffer section are in the high-impedance 
state. 

The outputs, which are designed to source or sink 
up to 12 mA, include 25-Q. series resistors to 
reduce overshoot and undershoot. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT1 62827 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 62827 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 62827 is characterized for operation from -40°C to 85°C. 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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SN54ABT162827, SN74ABT162827 
20-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 



logic symbolt 



10E1 
10E2 

20E1 
20E2 

1A1 
1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
1A9 

1A10 
2A1 
2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 
2A9 

2A10 



56 



28 



29 



55 



54 



52 



51 



49 



48 



47 



45 



44 



43 



42 



41 



40 



38 



37 



36 



34 



33 



31 



30 



EN1 



EN2 



1V 



2V 



FUNCTION TABLE 
(each 10-bit section) 



INPUTS 


OUTPUT 


OlT 


OE2 


A 


Y 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


Z 


X 


H 


X 


z 



10 



12 



13 



14 



15 



16 



17 



19 



20 



21 



23 



24 



26 



27 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



logic diagram (positive logic) 



1Y1 

1Y2 

1Y3 

1Y4 

1Y5 

1Y6 

1Y7 

1Y8 

1Y9 

1Y10 

2Y1 

2Y2 

2Y3 

2Y4 

2Y5 

2Y6 

2Y7 

2Y8 

2Y9 

2Y10 



10E1 
10E2 



1A1 



55 



1Y1 



To Nine Other Channels 



2QE2^ — 0 | J 



2A1 



42 



15 



2Y1 



To Nine Other Channels 
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SN54ABT1 62827, SN74ABT162827 
20-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0 - 5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq 30 mA 

Input clamp current, Iik ( v l < °) -18 mA 

Output clamp current, Iqk ( v O < °) ■ ■ ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air) 1 W 

Storage temperature range — -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT1 62827 


SN74ABT1 62827 


UNIT 








MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


v C c 


0 


vcc 


V 


'OH 


High-level output current 




-12 


-12 


mA 


"OL 


Low-level output current 




12 


12 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT1 62827, SN74ABT162827 
20-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT1 62827 


SN74ABT1 62827 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1 .2 


-1 .2 


V 


VOH 


V C c = 4.5 V, 'OH = -1 mA 


3.35 


3.3 


3.35 


V 


Vcc = 5 v » 'OH = ~ 1 mA 


3.85 


3.8 


3.85 


V C C = 4.5 V, l 0 H = -3mA 


3.1 


3 


3.1 


Vcc = 4.5 V, IOH=-12mA 


2.6* 




2.6 


vql 


Vcc = 4-5 V, lOL = 8 mA 


0.4 0.8 


0.8 


0.65 


V 


Vcc = 4.5 V, l 0 L=12mA 






0.8 


"i 


Vcc = 5.5 V, V| = VccorGND 


±1 


±1 


±1 




\r\-r\ & 

'OZH 2 ' 


Vcc = 5.5 V, Vq = 2.7V 


50 


50 


50 




>OZL § 


Vcc = 5.5 V, Vq = 0.5 V 


-50 


-50 


-50 


HA 


'off 


Vcc = 0, V|orVQ^4.5V 


±100 




±100 


^A 


ICEX 


V C C = 5 5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


|XA 




VCC = 5.5 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


ice 


V C C = 5-5 V, l 0 = 0, 
V| = V C c or GND 


Outputs high 


2 


2 


2 


mA 


Outputs low 


Oc. 


32 


Oc. 


Outputs . 
disabled 


2 


2 


2 


Alcc # 


V C C = 5.5 V, 
One input at 
3.4 V, 

Other inputs 
at Vcc or 
GND 


Data inputs 


Outputs 
enabled 


1 


1.5 


1 


mA 


Outputs 
disabled 


0.05 


1 


0.05 


Control inputs 


1.5 


1.5 


1.5 


Cj 


V| = 2.5Vor 0.5 V 








PF 


Co 


Vo = 2.5 V or 0.5 V 








PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH an d 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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General Information 


1 


ABT uctais 


"™2 


"'AST WWebUS™ 




ABTE/ETL Widebus 11 W\ 


ABTWidebus+™ 


5 


ABT Memory Drivers 


6 


ABT 25-12 Incident-Wave Switching Drivers 


Futurebus+/BTL Transceivers 


8 


ABT JTAG/IEEE 1149.1 


9 


LVT JTAG/IEEE 1149.1 


10 


LVT Octals 


11 


LVTWidebus™ 


12 


LVT Memory Drivers 


"l3 


LVT/GTL Widebus™ 


14 


Application Notes and Articles 


15 


ABT Characterization Information 


16 


Mechanical Data 


17 



7-1 



ABT 25-Q INCIDENT-WAVE SWITCHING DRIVERS 



Features 

Incident-wave switching (IWS) 

Increased output-drive capability over 
standard ABT devices 

Designed for output drive of 

Iqh = -8° mA > 'OL = 188 mA across 

temperature and Vqq conditions 

Sub-5-ns speed 

Power-on-demand active feedback 
circuitry 

Low input/output capacitance 

Widebus™ functionality planned with 
equivalent SSOP pinout 



Benefits 

• Improve system frequency response and 
reliability by eliminating 2 t pc | delay shelf in 
the transition region caused by reflected 
waves 

• Ideally suited to drive transmission lines 
on the incident wave at impedances as 
low as 10 Q typically 

• Ensure IWS at the input of receivers in 
highly capacitive, heavily loaded, or 
advanced backplane conditions where 
equivalent impedances go as low as 25 Q 
worst case 

• High-performance equivalent to standard 
ABT 

• Allow for low static enable current 
consumption equivalent to standard ABT 

• As receiving devices, do not load down 
the driving devices 

• Low simultaneous switching noise, 
Vqlp < 0.8 V typically 



Drop-in replaceable to standard 
Widebus™ SSOP pinouts 



SN74ABT25241 
25-Q OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED JULY 1 993 



State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard J ESD- 17 

Typical V 0 lp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Designed to Facilitate Incident-Wave 
Switching for Line Impedances of 25 Q 
or Greater 

Distributed Vqq and GND Pins Minimize 
Noise Generated by the Simultaneous 
Switching of Outputs 

Bus-Hold Inputs Eliminate the Need for 
External Pullup Resistors 

Package Options Include Plastic 
Small-Outline Packages and Standard 
Plastic 300-mil DIPs 



DW OR NT PACKAGE 
(TOP VIEW) 



]v cc 

] 1A3 
] 1A4 
]2A1 
]2A2 

]Vcc 
]2A3 
]2A4 
]20E 




description 

The SN74ABT25241 is a 25-Q octal buffer and line driver designed specifically to improve both the performance 
and density of 3-state memory address drivers, clock drivers, and bus-oriented transceivers. 

The SN74ABT25241 contains complementary output-enable (1 OE and 20E)_inputs. When 10E is low and 20E 
is high, the device transmits data from the A inputs to the Y outputs. When 10E and 20E are high, the outputs 
are in the high-impedance state. Output-enable 1 0E affects only the 1 Y outputs; output-enable 20E affects only 
the 2Y outputs. 

This buffer/driver is capable of sinking 1 88 mA of Iql current, which facilitates switching 25-Q transmission lines 
on the incident wave. The distributed Vcc and GND P' ns minimize switching noise for more reliable system 
operation. 

Active bus-hold circuitry is provided to hold unused or floating inputs at a valid logic level. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. OE should 
be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by the 
current-sourcing capability of the driver. 

The SN74ABT25241 is characterized for operation from -40°C to 85°C. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 
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SN74ABT25241 

25-12 OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED JULY 1 993 



logic symbolt 

24 



10E 

1A1 
1A2 
1A3 
1A4 



20E 

2A1 
2A2 
2A3 
2A4 



EN 



13 



EN 



FUNCTION TABLES 



INPUTS 


OUTPUT 


10E 1A 


1Y 


L H 


H 


L L 


L 


H X 


Z 




INPUTS 


OUTPUT 


20E 2A 


2Y 


H H 


H 


H L 


L 


L X 


Z 



logic diagram, (positive logic) 



23 


1 V 


1 


22 


3 




20 


4 




19 




6 









1Y1 
1Y2 
1Y3 
1Y4 



18 


1 v 


7 


17 


9 




15 




10 




14 




12 











2Y1 
2Y2 
2Y3 
2Y4 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



10E 



1A1 



1A2 



1A3 



1A4 



20E 



2A1 



2A2 



2A3 



2A4 



24 



23 



22 



20 



19 



18 



17 



15 



14 





> 




1 








3 








> 

4 







12 



1Y1 



1Y2 



1Y3 



1Y4 









7 




> 




9 








> 

10 







2Y1 



2Y2 



2Y3 



2Y4 
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SN74ABT25241 
25-1 2 OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the disabled or power-off state, Vq -0.5 V to 5.5 V 

Voltage range applied to any output in the high state, Vq -0.5 V to Vqc 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Current into any output in the low state, \q 376 mA 

Operating free-air temperature range -40°C to 85°C 

Maximum power dissipation at = 55°C (in still air): DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 




4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V| 


Input voltage 




0 


vcc 


V 


"IK 


Input clamp current 




-18 


mA 


'OH 


High-level output current 




-80 


mA 


>OL 


Low-level output current 




188 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


ns/V 


T A 


Operating free-air temperature 




-40 


85 


°C. 


NOTE 2: 


Unused or floating inputs must be held high or low. 
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SN74ABT25241 

25-Q OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED JULY 1 993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


V|K 


VCC = 4-5 V, 


l| = -18mA 




-1.2 


V 


V<DH 


V C C = 4-5 V, 


Iqh = " 3 mA 




2.7 


V 


V C C = 5 V, 


Iqh = - 80 mA 




2.4 


v ol 


VCC = 4.5 V 


Iql = 94 mA 


0.55 


V 


IOL= 1 88mA 


0.7 


"i 


V C C = 5-5 V, 


V| = Vcc or GND 




±1 


liA 


'OZH 


Vqq = 5.5 V, 


V 0 = 2.7 V 




50 


MA 


'OZL 




V 0 = 0.5 V 




-50 


(iA 


'off 




V| or Vq < 4.5 V 




±100 


[lA 


'CEX 


VCC = 5-5V, 


V 0 = 5.5 V 


Outputs high 


50 


[iA 




Vcc = 55 V, 


V 0 = 2.5 V 




-50 


180 


mA 




VCC = 5.5 V, 

V| = Vcc or GND 


Outputs open, 


Outputs high 


500 


!iA . 


'cc 


Outputs low 


30 


mA 






Outputs disabled 


500 




AICC § 


V C C = 5.5 V, 

Other inputs at Vcc or GND 


One input at 3.4 V, 




1 


mA 


Cj 


V C C = 5 V, 


V| = V C C or GND 






pF 


C 0 


V C C = 5V, 


Vq = Vcc or GND 






PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

$ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN74ABT25244 
25-i > OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JULY 1993 



State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard J ESD- 17 
Typical Vqlp (Output Ground Bounce) 
< 1 V at Vcc = 5 V, T A = 25°C 
Designed to Facilitate Incident-Wave 
Switching for Line Impedances of 25 Q 
or Greater 

Distributed Vcc and GND Pins Minimize 
Noise Generated by the Simultaneous 
Switching of Outputs 
Bus-Hold Inputs Eliminate the Need for 
External Pullup Resistors 

Package Options Include Plastic 
Small-Outline Packages and Standard 
Plastic 300-mil DIPs 



DW OR NT PACKAGE 
(TOP VIEW) 

24 ] 10E 
23 ] 1A1 
22 ] 1A2 
21 ] V CC 
20 ] 1A3 
19 ] 1A4 
18 ]2A1 
17 ]2A2 
16 ] V CC 
15 ]2A3 
14 ] 2A4 
13]20E 




description 

The SN74ABT25244 is a 25-£2 octal buffer and line driver designed specifically to improve both the performance 
and density of 3-state memory address drivers, clock drivers, and bus-oriented transceivers. 

When the output-enable (1QE and 20E) inputs are low, the device transmits data from the A inputs to the 
Y outputs. When 10E and 20E are high, the outputs are in the high-impedance state. 

This buffer/driver is capable of sinking 1 88 mA of Iql current, which facilitates switching 25-Q transmission lines 
on the incident wave. The distributed Vcc and G ND P ins minimize switching noise for more reliable system 
operation. 

Active bus-hold circuitry is provided to hold unused or floating inputs at a valid logic level. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqq through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT25244 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each buffer) 


INPUTS 


OUTPUT 


OE A 


Y 


L H 


H 


L L 


L 


H X 


Z 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 993, Texas Instruments Incorporated 
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SN74ABT25244 

25-12 OCTAL BUFFER/DRIVER 

WITH 3-STATE OUTPUTS 



JUNE 1992 - REVISED JULY 1993 



logic symbolt 



10E 

1A1 
1A2 
1A3 
1A4 

20E 

2A1 
2A2 
2A3 
2A4 



24 IS 


EN 

h r 




23 


1 v 


22 


3 




20 




4 




19 




6 












EN 

h r 


18 


1 V 


17 


9 




15 




10 




14 




12 











logic diagram (positive logic) 



10E 



24 



1Y1 
1Y2 
1Y3 
1Y4 



2Y1 
2Y2 
2Y3 
2Y4 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-12. 



1A1 



1A2 



1A3 



1A4 



20E 



2A1 



2A2 



2A3 



2A4 



23 



22 



20 



19 



13 



18 



17 



15 



14 



1Y1 



1Y2 



1Y3 



1Y4 





> 




7 




t 




9 








> 

10 







12 



2Y1 



2Y2 



2Y3 



2Y4 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the disabled or power-off state, Vq • -0.5 V to 5.5 V 

Voltage range applied to any output in the high state, Vq -0.5 V to Vqc 

Input clamp current, l|« (Vj < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■ -50 mA 

Current into any output in the low state, Iq ■ 376 mA 

Operating free-air temperature range -40°C to 85°C 

Maximum power dissipation at = 55°C (in still air): DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 

$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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SN74ABT25244 
25-Q OCTAL BUFFER/DRIVER 
WITH 3-STATE OUTPUTS 



recommended operating conditions (see Note 2) 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 




4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V| 


Input voltage 




0 


vcc 


V 


IlK 


Input clamp current 




-18 


mA 


'OH 


High-level output current 




-80 


mA 


lOL 


Low-level output current 




188 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


ns/V 


T A 


Operating free-air temperature 




-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|K 


V C C = 4.5 V, l|=-18mA 


-1.2 


V 


VOH 


V C C = 4.5 V, l 0 H = -3mA 


2.7 


V 


Vcc = 5 V, IqH = - 80 mA 


2.4 


vol 


V C C = 4.5 V 


lOL = 94 mA 


0.55 


V 


l0L = 1 8 8mA 


0.7 


ii 


Vcc = 5-5 V, V| = Vcc <> r GND 


±1 


uA 


'OZH 


V C C = 5.5 V, V 0 = 2.7V 


50 


uA 


'OZL 


V C C = 5.5 V, V 0 = 0.5 V 


-50 


uA 


'off 


Vcc = 0, V|orVQ<4.5V 


±100 


uA 


'CEX 


Vcc = 5-5V, Vq = 5.5V Outputs high 


50 


uA 


'0* 


Vcc = 5.5 V, Vq = 2.5 V 


-50 180 


mA 


'CC 


Vcc = 5-5 V, Outputs open, 
V| - V C c or GND 


Outputs high 


500 


uA 


Outputs low 


30 


mA 


Outputs disabled 


500 


uA 


Alcc § 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1 


mA 


Cj 


V C c = 5V, V| = V C CorGND 




PF 


Co 


Vcc = 5 V, Vq = Vcc or GND 




PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

$ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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SN74ABT25245 
25-12 OCTAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JULY 1993 



State-of-the-Art EPIC-LIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Designed to Facilitate Incident-Wave 
Switching for Line Impedances of 25 Q. 
or Greater 

Distributed Vqq and GND Pins Minimize 
Noise Generated by the Simultaneous 
Switching of Outputs 
Bus-Hold Inputs Eliminate the Need for 
External Pullup Resistors 

Package Options Include Plastic 
Small-Outline Packages and Standard 
Plastic 300-mil DIPs 



DW OR NT PACKAGE 
(TOP VIEW) 




description 

The SN74ABT25245 is a 25-Q octal bus transceiver designed for asynchronous communication between data 
buses. It improves both the performance and density of 3-state memory address drivers, clock drivers, and 
bus-oriented transceivers. 

The device allows data transmission from the A bus to the B bus or from the B bus to the A bus depending upon 
the logic level at the direction-control (DIR) input. The output-enable (OE) input can disable the device so that 
both buses are effectively isolated. 

This transceiver is capable of sinking 1 88 mA of Iql current, which facilitates switching 25-Q transmission lines 
on the incident wave. The distributed Vqc and GND pins minimize switching noise for more reliable system 
operation. 

Active bus-hold circuitry is provided to hold unused or floating inputs at a valid logic level. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqq through a pullup 
v resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT25245 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


Bdata to A bus 
A data to B bus 
Isolation 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. « ' Copyright © 1993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments ^KlM, _ 

standard warranty. Production processing does not necessarily include vVMP TVv a 

testing of all parameters. \j I r*.X/\^ 
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SN74ABT25245 

25-12 OCTAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED JULY 1 993 



logic symbolt 



OE 
DIR 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 



13 



24 



10 
12 



G3 

3EN1 [BA] 
3EN2[AB] 



V1 



2V 



23 



22 



20 



19 



18 



17 



15 
14 



B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 



logic diagram (positive logic) 



DIR 




A1 




13 



OE 



To Seven Other Channels 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, Vqq -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the disabled or power-off state, Vq -0.5 V to 5.5 V 

Voltage range applied to any output in the high state, Vq -0.5 V to V<x 

Input clamp current, l|K (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v O < °) -5 ° mA 

Current into any output in the low state, Iq: A port 376 mA 

Bport 128 mA 

Operating free-air temperature range -40°C to 85°C 

Maximum power dissipation at Ta = 55°C (in still air): DW package 1 W 

NT package 1 .3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



^? Texas 
Instruments 

7-12 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74ABT25245 
25-Q OCTAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JULY 1993 



recommended operating conditions (see Note 2) 





MIN 


MAX 


UNIT 


Vrr 


Supply voltage 






4.5 


5.5 


V 


V|H 


High-level input voltage 






2 


V 


Vn 
V IL 


Low-level input voltage 






0.8 


V 


V| 


Input voltage 






0 


vcc 


V 


"IK 


Input clamp current 






-18 


mA 


'OH 


High-level output current 




A port 


-80 


mA 




B port 


-32 


>OL 


Low-level output current 




A port 


188 


mA 




Bport 


64 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


Control inputs 


4 


ns/V 


A or B ports 


10 


T A 


Operating free-air temperature 






-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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SN74ABT25245 

25-Q OCTAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

JUNE 1992 - REVISED JULY 1993 ____ 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|K 


V C C = 4.5V, l|=-18mA 


-1.2 


V 


V 0 H 


A port 


Vcc = 4.75 V, l0H = -3mA 


2.7 


V 


Vcc = 4 - 5 V, lOH = -80 mA 


2.4 


B port 


Vcc = 4 5 V, lOH = - 3 mA 


2.5 


V CC = 5V, l0H = -3mA 


3 


Vcc = 4 5 V, IQH = -32 mA 


2 


vol 


A port 


V CC = 4 -5V 


lOL = 9 4 mA 


0.55 


V 


Iql = 188 mA 


0.7 


B port 


V CC = 4.5V, l0L = 64mA 


0.55 




Control inputs 


Vcc = 5 -5 V V| = Vcc or GND 


±1 


^iA 


A or B ports 


±100 


h(hold) 


A or B ports 


Vcc = 4 -5V 


V| = 0.8 V 


100 




V| = 2 V 


-100 


'OZH* 


V C C = 5.5 V, V 0 = 2.7V 


50 


^iA 


lOZL* 


V C C = 5.5 V, V O = 0.5V 


-50 


u A 


'off 


Vcc = 0. V| or Vo < 4.5 V 


±100 




'CEX 


Vcc = 5.5 V, Vq = 5.5V Outputs high 


50 


|lA 




B port 


VCC = 5.5 V, V 0 = 2.5V 


-50 -210 


mA 


■cc 


Vcc = 5-5 V, Outputs open, 
V| - V C c or GND 


Outputs high 


500 


[xA 


Outputs low 


20 


mA 


Outputs disabled 


500 




AlGC 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1 


mA 


Cj 


Control inputs 


V C C = 5 V, V| = V C C or GND 


4 


PF 




A or B ports 


VcC = 5V, ' VQ = VccorGND 


11.5 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t For I/O ports, the parameters l|H and \\[_ include the off-state output current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


MIN 


MAX 


UNIT 




MIN 


TYP 


MAX 








tPLH 


A or B 


Bor A 


1 


2.3 


3.5 


1 


3.9 


ns 


tph'L 


1 


2.4 


3.5 


1 


4,3 


tpZH 


OE 


A or B 


1.5 


3.7 


5.4 


1-5 


6.5 


ns 


tPZL 


1.4 


4 


5.8 


1.4 


6.8 


tpHZ 


OE 


A or B 


2 


4.3 


6.1 


2 


7.2 


ns 


tPLZ 


2 


3.9 


5.8 


2 


6.4 
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SN74ABT25245 
25-o OCTAL BUS TRANSCEIVER 
WITH 3-STATE OUTPUTS 

JUNE 1 992 - REVISED JULY 1 993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C[_ = 50 pF -- 
(see Note A) 



500 Q 

- J WV- 



50012 



7V 



S1 



O Open 
9 GND 



TEST 


S1 


tPLH/tpHL 
tpLZ^PZL 
tpHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



OV 



Timing Input 



Data Input 



ji\ — 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
OV 



3V 
OV 



Input 
(see Note B) 



Output 



Output 



ZX 15V XEZ 



3V 
OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL 



! tPLZ -*j 



\l.5V \S 



| tPHZ ">t 

tpzH -►! |^- 



3V 
OV 

3.5 V 

vol 



- 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £1, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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General Information 



1 





2 




™3 






5 


ABT Memory Drivers 


6 


ABT 25-Q Incident-Wave Switching Drivers Q 


Futurebus+/BTL Transceivers 


8 


ABT JTAG/IEEE 1149.1 


9 


LVT JTAG/IEEE 1149.1 


10 


LVT Octals 


11 


LVT Widebus™ 


12 


LVT Memory Drivers 


"l3 


LVT/GTL Widebus™ 


14 


Application Notes and Articles 


15 


ABT Characterization Information 


16 


Mechanical Data 


17 
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Futurebus+/BTL TRANSCEIVERS 
Features Benefits 



• Fully compatible with IEEE 1194.1-1991 
(BTL) and IEEE 896-1991 (Futurebus+) 
standards 

• Sub-5-ns performance 

• 7-, 8-, and 9-bit versions 

• 1 8-channel transceiver version 

• TTL A port and BTL B port 

• BTL edge rates > 2 ns/V 

• Split I/O TTL port 

• BIAS Vqq pin 

• TTL input clamp circuitry 

• Open-collector BTL outputs 

• Isolated logic GNDs and bus GNDs 

• JTAG test access port (TAP) availability 
on Futurebus+ transceivers 

• 52-pin standard quad flat package and 
100-pin shrink quad flat package 
availability 

• Tl h,as established an alternate source 



Execute proper BTL and Futurebus+ 
protocol 

ABT speed for Futurebus+ or advanced 
backplane transceiving 

Perform status/synch functions in 
Futurebus+ applications as well as UBT™ 
function in general-purpose BTL 
applications 

Can implement a full Futurebus+ interface 
with single-side mounting 

TTL-BTL and BTL-TTL translation 

High-throughput interface ideally suited for 
low-noise backplane applications 

Input and output pin separation allows for 
simultaneous data load/unload 

Minimize distortion during live 
insertion/withdrawal 

Allow for active termination 

High-drive 1 00-mA sink capability 
provides IWS capability down to 10 Q, 

Minimize device-generated noise and 
transmission environment noise 

Pins allocated for 4-wire IEEE 
1149.1-1990 standard test bus, which will 
be implemented in future versions 

Fine-pitch surface-mount packaging saves 
valuable board space and meets 
Futurebus+ connector requirements 



Standardization that comes from a 
common product approach 



SN74FB1650 

18-BIT TTL/BTL UNIVERSAL STORAGE TRANSCEIVER 



AUGUST 1992 - REVISED JULY 1993 



Compatible With IEEE 1194.1-1991 (BTL) 
and IEEE 896.2-1991 (Futurebus+) 
Standards 

TTL A Port, Backplane Transceiver Logic 
B Port 

Open-Collector B-Port Outputs Sink 100 mA 

Isolated Logic-Ground and Bus-Ground 
Pins Reduce Noise 



Packaged in the High-Power Shrink Quad 
Flat Packages (SQFP) With 0.5-mm Pin 
Pitch 

B-Port Biasing Network Preconditions the 
Connector and PC Trace to the Backplane 
Transceiver Logic High-Level Voltage 
TTL Input Structures Incorporate Active 
Clamping and Bus Hold Networks 



PCA PACKAGE 
(TOP VIEW) 



m cd ^ 
Oi20^90b 
< < << ^ << 

CM CNJ CM CM O CM CM 



O co Q o 2> qLU LU 
<<^<<.oOlO 

CM CM O CM CM > CM CM 



< 

< CO 

LU —I 
JO 

CM CM 



00 

CM CM 



olo^oz S 

CM CM CO Z CD CM 



NC 

V C C 
GND 
2AI4 

2A04 
2AI3 

2A03 
GND 
2AI2 

2A02 
2AI1 

2A01 
GND 
1AI9 

1A09 
1AI8 

1A08 
GND 
1AI7 

1A07 
1AI6 

1A06 
GND 

V C C 
NC 



C 1 
C 2 
C 3 
C 4 
P5 
6 



7 
8 
9 

d to 



nnnnnnnnnnnnnnnnnnnnnnnnn 



C 24 
C 25 



75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 



oococococO'^'' , 'i - ^i'^" 



5! 



u u u u u u u 

LO Lf3 Tj- Q CO CO 

< 9<9 2 < 9 



uuuuuuuuuUUUUUUUUU 

CM CM Q t— t- 0<|< < < CD CD CQlCQ Q OQli- 
< O Z < O -PLU LU CQ CD < < LU LU Z^?Z F 
- <G 0|0LU ^^LU 0|0 0 > CD^ 

r 22 r 



2B8 

GND 

2B7 

2B6 

GJSID 

2B5 

2B4 

GND 

2B3 

2B2 

GND 

2B1 

NC_ 

1B9 

GND 

1B8 

1B7 

GND 

1B6 

1B5 

GND 

1B4 

1B3 

GJSjD 

1B2 



NC - No internal connection 
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SN74FB1650 

18-BIT TTL/BTL UNIVERSAL STORAGE TRANSCEIVER 



AUGUST 1992 - REVISED JULY 1993 



description 



The SN74FB1650 contains two 9-bit transceivers designed to translate signals between TTL and backplane 
transceiver logic (BTL) environments. It is specifically designed to be compatible with ItEE 1 1 94.1-1 (BTL) and 
IEEE 896.2-1991 (Futurebus+) standards. 

The B port operat es at B TL signal levels. The_open-collector B ports are s pecifi ed to sink 100 mA. Two output 
enables, OEB and OEB, are provided for the B outputs. When OEB is low, OEB is high, or Vqq is typically less 
than 2.5 V, the B port is turned off. 

The A port operates at TTL signal levels. The A outputs reflect the inverse of the data at the B port when the 
A-port output enable, OEA, is high. When OEA is low or when Vqc is typically less than 2.5 V, the A outputs are 
in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating TTL inputs at a valid logic state. 

BIAS Vqc establishes a voltage between 1 .62 V and 2.1 V on the BTL outputs when Vqc is not connected. 

BG V CC ancl B( 3 GND are the supply inputs for the bias generator. 

The SN74FB1 650 is characterized for operation from 0°C to 70°C. 



functional block diagram 



10EB 



10EB 



1CLKAB 



1LEAB 



1LEBA 



1CLKBA 



10EA 
10EA 



1AI1 



1AQ1 



46 



43 



44 



41 



42 



39 



40 



36 



37 



H>- 
-0- 
-0- 

-o- 



1D 
C2 



C1 



1D 
C2 
>C1 



50 



1B1 



▼ ▼ 

/ 



To Eight Other Channels 
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TRANSCEIVER FUNCTION TABLE 



INPUTS 


FUNCTION 


OEA OEA OEB OEB 


X X H L 
L H X X 
L H H L 


A data to B bus 
B data to A bus 
A data to B bus, B data to A bus 


X X L X 
X X X H 


B-bus isolation 


H X X X 
X L X X 


A-bus isolation 



STORAGE MODE TABLE 



INPUTS 


FUNCTION 


LE CLK 


H X 
L t 
L L 


Transparent 
Store data 
Storage 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc . ■ . ^ -0.5 V to 7 V 

Input voltage range, Vj (except B port) . -1 .2 V to 7 V 

V| (Bport) -1.2 V to 3.5 V 

Input current range (except Bjport) -40 mA to 5 mA 

Voltage range applied to any B output in the disabled or power-off state -5 V to 5.5 V 

Voltage range applied to any output in the high state -5 V to Vqc 

Current applied to any single output in the low state: A port 96 mA 

Bport 200mA 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions (see Note 1) 





MIN 


NOM 


MAX 


UNIT 


VCC, BG V C C 


Supply voltage 




4.75 


5 


5.25 


V 


BIAS V C C 


Supply voltage 




4.5 


5 


5.5 


V 


V|H 


High-level input voltage 


B port 


1.62 




2.3 


V 


Except B port 


2 


V|L 


Low-level input voltage 


Bport 


0.75 




1.47 


V 


Except B port 


0.8 


"IK 


Input clamp current 




-18 


mA 


'OH 


High-level output current 


A port 


-3 


mA 


lOL 


Low-level output current 


A port 


24 


mA 


B port 


100 


T A 


Operating free-air temperature 




0 




70 


°C 



NOTE 1 : Unused or floating pins (input or I/O) must be held high or low. 



^i? Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 8-5 



SN74FB1650 

18-BIT TTL/BTL UNIVERSAL STORAGE TRANSCEIVER 



AUGUST 1992 - REVISED JULY 1993 



electrical characteristics over recommended operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|K 


B port 


VcC = 4.75 V, lj =-18 mA 


-1 .2 


V 


Except B port and AO port 


Vcc = 4 - 75V > l|=-40mA 


-0.5 


V 


VOH 


AO port 


Vcc = 475 V 


IOH = -1 mA 




V 


Iqh = ~3 mA 


2.5 3.3 


vol 


AO port 


Vcc = 4.75 V, loi_ = 24mA 


0.35 0.5 


V 


B port 


Vcc = 4 75 V 


lOL = 80 mA 


0.75 1.1 


Iql = 100 mA 


1.15 


ii 


Except B port 


Vcc = 5.25 V, V| = 5.25 V 


50 


uA 


l|H* 


Except B port 


Vcc = 5-25 V, V| = 2.7 V 


50 


|iA 


III* 


Except B port 


V C C = 5-25 V, V| = 0.5 V 


-50 




Bportt 


Vcc = 5.25 V, V| = 0.75 V 


-100 


'l(hold) 


AI port 


V C C = 5.25 V, V| = 2 V 


-100 


^ 


AI port 


V C C = 5.25 V, V| = 0.5 V 


100 


'OZH 


AO port 


V C C = 5.25 V, V 0 = 2.7 V 


50 


uA 


'OZL 


AO port 


V C C = 5.25 V, Vo = 0.5 V 


-50 


uA 


'OH 


Bport 


V C C = 0 to 5.25 V, V 0 = 2.1V 


100 


uA 


>OS§ 


Aport 


Vcc = 5.25 V, Vq = 0 


-30 -150 


mA 


'cc 


A port to B port 


V C C = 5.25 V, l O = 0 


25 


mA 


B port to A port 


60 


Outputs disabled 




Cj 


V| = V C C o r GND 


5 


pF 


Co 


A port 


Vq = Vcc or GND 




pF 




Bport per P1 194.0 


VCC = 0 t0 4-75 V 


6 


PF 


Vcc = 4.75 V to 5.25 V 


5 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t For I/O ports, the parameters I|h and \\\_ include the off-state output current. 

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 



live insertion specifications over recommended operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP MAX 


UNIT 


ICC (BIAS V CC ) 


VCC = 0 t0 4-75 V, 


V B = 0 to 2 V 


V| (BIAS Vcc) = 4-5 V to 5.5 V 


450 


^lA 


Vcc = 4-25 V to 5.25 V 


10 


vo 


Bport 


v C c = o, 


V| (BIAS Vcc) = 4.5 V to 5.5 V 


1.62 


2.1 


V 






vcc = o , 


V B = 1 v, 


V| (BIAS Vcc) = 4.5 V to 5.5 V 


-1 




io 


Bport 


VCC = 0 10 5-25 V, 


OEB = 0 to 0.8 V 




100 


HA 






VCC = 0 t0 2-2 V, 


OEB = 0 to 5 V 




100 
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AUGUST 1 992 - REVISED JULY 1 993 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 





MIN TYP MAX 


UNIT 


t w Pulse duration, LCA or LCB 




ns 


t su Setup time 


A or B before LE 


2 


ns 


AorBbeforeCLKT 


2 


t n Hold time 


A or B after LE 


1 


ns 


AorBafterCLKT 


1 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 


DADAMCTCD 

rAKAME 1 En 


FROM 
(INPUT) 


TO 
(OUTPUT) 


RJIIM TVD+ iiav 

MIN TYPI MAX 


UNIT 


tPLH 


A 


B 


5 


ns 


tPHL 


5 


tPLH 


LEAB 


B 


6 


ns 


tPHL 


6 


tpi_H 


CLKAB 


B 


6 


ns 


tPHL 


6 


tPLH 


LEBA 


A 


6 


ns 


tPHL 


6 


tPLH 


CLKBA 


A 


6 


ns 


tPHL 


6 


tPLH 


B 


A 


5 


ns 


tPHL 


5 


tPLH 


OEB orOEB 


B 


5 


ns 


tPHL 


5 


tpZH 


OEA orOEA 


A 


t 5 


ns 


tpZL 


5 


tPHZ 


OEAorOEA 


A 


5 


ns 


tPLZ 


5 


tsk(p)* 


Skew for any single channel 
1 tPHL-tPLHl 


A to B or B to A 


0.5 


ns 


*sk(o)* 


Skew between drivers 
in the same package 


A to B or B to A 


1 


ns 


tt 


Transition time, B outputs (1 .3 V to 1 .8 V) 


1 2 3 


ns 


tpR 


B-port input pulse rejection 


1 


ns 



t All typical values are at Vrjc = 5 v . T A = 25 ° c - 
t Skew values are applicable for through mode only. 
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SN74FB1650 

18-BIT TTL/BTL UNIVERSAL STORAGE TRANSCEIVER 



AUGUST 1992 - REVISED JULY 1993 



PARAMETER MEASUREMENT INFORMATION 

2.1V 



From Output 
Under Test 



Cl = 50 pF - 
(see Note A) 



500 Q 

-AA/V- 



500 Q 



S1/ 



) 7V 

o Open From 0utput - 
H Under Test 



O GND 



16.5 Q 



4 Test 
Point 



30 pF 
(see Note A) 



TEST 


S1 


tPLHflpHL 
tPLZ^PZL 
tPHZ'tpZH 


Open 
7V 
GND 



LOAD CIRCUIT FOR A OUTPUTS 



LOAD CIRCUIT FOR B OUTPUTS 



tw 



' nPUt 15V ^~ )^ 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Input 
(see Note 



»ut /~~ 



tPHL 



3V 
0V 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (A to B) 



Input 
(see Note 



>ut / 



tPHL 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (B to A) 



Timing Input 



*su 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 

3V 
0V 



Output 
Control 
(see Note 



- — v j — 

rol \ 1-5V. / 1.5V 

B) \ A 



*PZL 



Output 
S1 at 7 V 
(see Note C) 



! 

I I 



tpHZ k- 



3V 



0V 



3.5 V 



I t vql 0.3 V 

L - X - vql 



Output 
, (see Note C) 



VOH 



VQH-0-3V 



= 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES (A port) 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: TTL Inputs - PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, 
tf < 2.5 ns. BTL Inputs - PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with on$ transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54FB2031,SN74FB2031 
9-BIT TTL/BTL ADDRESS/DATA TRANSCEIVERS 



NOVEMBER 1991 - REVISED JULY 1993 



Compatible With IEEE 1194.1-1991 (BTL) 
and IEEE 896.2-1991 (Futurebus+) 
Standards 

TTL A Port, Backplane Transceiver Logic 
B Port 

Open-Collector B-Port Outputs Sink 100 mA 

Minimum B-Port Edge Rate = 2 ns 

Isolated Logic-Ground and Bus-Ground 
Pins Reduce Noise 



BIAS Vqc Pin Minimizes Signal Distortion 
During Live Insertion/Withdrawal 

Available in Plastic Quad Flatpack (RC) and 
Ceramic Flatpack (WD) Packages 

B-Port Biasing Network Preconditions the 
Connector and PC Trace to the Backplane 
Transceiver Logic High-Level Voltage 

TTL-lnput Structures Incorporate Active 
Clamping Networks to Aid in Line 
Termination 



SN54FB2031 ... WD PACKAGE 
(TOP VIEW) 



SN74FB2031 . . . RC PACKAGE 
(TOP VIEW) 



OEB 
OEA 
BIAS V cc 

V C C 
A1 

GND 
A2 
A3 

GND 
A4 
A5 

GND 
A6l 
A7 

GND I 
A8| 
A9 I 

SEL1 

LCBl 
BG V CC I 

LCAl 
BG GND I 

SELOi 

TDOi 



[1 
[2 
[3 
[4 
[5 
[6 
[7 
[8 
[9 
[10 
[11 
[12 
[13 
[14 
[15 
[16 
[17 
[18 
[19 
[ 20 
[21 
[ 22 
[ 23 
[24 



17 



description 



48 ] OEB 
47 ] TCK 
46 ] V cc 
45 ] TMS 
44 ] GND 
43 ] BT 
42 ] GND 
41 ] B2 
40 ] GND 
39 ] B3 
38] GND 
37] B4 
36] GND 
35 ] B5 
34 ] GND 
33] B6 
32 ] GND 
31 ] B7 
30 ] GND 
29 ] B8 
28 ] GND 
27] B9 
26 ] V cc 
25 ] TDI 



O 

W Z t- ^ < LU l±l 

< o < £>m o o 



o o 



"> Z i 



GND ]1 

A3 ]2 
GND ]3 

A4 ]4 
GND ]5 

A5 ]6 
GND ]7 

A6 ]8 
GND ]9 

A7 ]10 
GND ]11 

A8 ]12 
GND ]13 



52 51 50 49 48 47 46 45 44 43 42 41 40 



14 15 16 17 18 19 20 21 22 23 24 25 26 



39 [ GND 
38 [ B2 
37 [ GND 
36 [ B3 
35 [ GND 
34 [ B4 
33 [ GND 
32 [ B5 
31 [ GND 
30 [ B6 
29 [ GND 
28 [ B7 
27 [ GND 



9 r- cq o < 



CQ 



Q ° O F; O |cd q i oo 



5^ 



CQ 



The TB2031 is a 9-bit transceiver designed to translate signals between TTL and backplane transceiver logic 
(BTL) environments. It is specifically designed to be compatible with IEEE 1194.1-1991 (BTL) and 
IEEE 896.2-1 991 (Futurebus+) standards. 

The B port operates at BTL-signal levels. The open-collector B p orts a re specified to sink 100 mA and have 
minimum ou tput e dge rates of 2 ns. Two output enables, OEB and OEB, are provided for the B outputs. When 
OEB is low, OEB is high, or Vqc is typically less than 2.5 V, the B port is turned off. 

The A port operates at TTL-signal levels. The A outputs reflect the inverse of the data at the B port when the 
A-port output enable, OEA, is high. When OEA is low or when Vqc is typically less than 2.5 V, the A outputs are 
in the high-impedance state. 



PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 993, Texas Instruments Incorporated 

design phase of development. Characteristic data and other ___ 

specifications are design goals. Texas Instruments reserves the right to wVw Xfv AO 

change or discontinue these products without notice. \f I K'.X/X^ 
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SN54FB2031,SN74FB2031 

9-BIT TTL/BTL ADDRESS/DATA TRANSCEIVERS 

NOVEMBER 1991 -REVISED JULY 1993 

description (continued) 

Pins are allocated for the four-wire IEEE 1 1 49.1 (JTAG) test bus, which will be implemented in a future version 
of the 'FB2031 . Currently TMS and TCK are not connected and TDI is shorted to TDO. 

BIAS Vcc establishes a voltage between 1 .62 V and 2.1 V on the BTL outputs when Vcc is not connected. 

BG Vcc and B( 3 GND are the supply inputs for the bias generator. 

TheSN54FB2031 is characterized for operation over the full military temperature rangeof-55°Cto 125°C.The 
SN74FB2031 is characterized for operation from 0°C to 70°C. 



TRANSCEIVER FUNCTION TABLE 



INPUTS 


FUNCTION 


OEA OEB OEB 


L H L 


A data to B bus 


H L X 
H X H 


B data to A bus 


H H . L 


A data to B bus, B data to A bus 


L L X 
L X H 


Isolation 



STORAGE MODE TABLE 



LCA, LCB 


RESULT 


0 


Transparent 


1 


Latches latched 


T 


Flip-flops triggered 



SELECT FUNCTION TABLE 



SEL1 


SELO 


MUX 

A->B 


MUX 

B->A 


0 


0 


Latch 


Latch 


0 


1 


Thru 


Thru 


1 


0 


Flip-flop 


Flip-flop 


1 


1 


Flip-flop 


Latch 
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SN54FB2031,SN74FB2031 
9-BIT TTL/BTL ADDRESS/DATA TRANSCEIVERS 



NOVEMBER 1991 - REVISED JULY 1993 



functional block diagram 

18 



LCA 



SELO- 



SEL1 



20 



15 



LCB - 



16 



OEB - 



46 



45 „, 

OEB C 



OEA - 



47 



A1 



20 



t> 
> 
> 
> 
> 
> 



' — <5-- 



1D 
C1 



1D 

>C1 



MUX 



MUX 



▼ T 



1D 
C1 



1D 

C1 < 



40 _ 
B1 



v 

To Eight Other Channels 

Pin numbers shown are for the RC package. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (except B port) -1 .2 V to 7 V 

V|(Bport) . -1.2 V to 3.5 V 

Input current range (except B_port) -40 mA to 5 mA 

Voltage range applied to any B output in the disabled or power-off state . -5 V to 5.5 V 

Voltage range applied to any output in the high state -5 V to Vqq 

Current applied to any single output in the low state: A port 96 mA 

B port 200 mA 

Maximum power dissipation at = 55°C (in still air): RC package 0.85 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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SN54FB2031, SN74FB2031 

9-BIT TTL/BTL ADDRESS/DATA TRANSCEIVERS 



NOVEMBER 1991 - REVISED JULY 1993 



recommended operating conditions (see Note 1) 









SN54FB2031 


SN74FB2031 


UNIT 








MIN 


NOM 


MAX 


MIN NOM 


MAX 


V CC , BIAS V CC , 
BG V C C 


Supply voltage 




4.5 


5 


5.5 


4.5 5 


5.5 


V 


V|H 


High-level input voltage 


B port 


1.62 




2.3 


1.62 


2.3 


V 


Except B port 


2 


2 


V| L 


Low-level input voltage 


B port 


0.75 




1.47 


0.75 


1.47 


V 


Except B port 


0.8 


0.8 


"IK 


Input clamp current 




-18 


-18 


mA 


'OH 


High-level output current 


A port 




-3 


mA 


'OL 


Low-level output current 


A port 




24 


mA 


B port 


100 


100 


T A 


Operating free-air temperature 




-55 




125 


0 


70 


°C 



NOTE 1 : Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54FB2031 


SN74FB2031 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


B port 


Vcc = 4.5 V, l| = -18mA 




-1.2 


V 


Except B port 


Vcc = 4.5 V, l| = -40mA 




-0.5 


V 0 H 


A port 


Vcc = 4.5 V 


Iqh = - 1 mA 






V 


lOH = -3 mA 




2.5 3.3 


vol 


A port 


Vcc = 4.5 V 


IOL = 2 0m A 






V 


Iql = 24 mA 




0.35 0.5 


B port 


V C C = 4.5 V 


IOL = 8° mA 




0.75 1.1 


Iql = "100 mA 






ii 


Except B port 


Vcc = 5.5 V, V| = 5.5 V 




50 


I^A 


"IH* 


Except B port 


VCC = 5-5 V, V| = 2.7 V 




50 




III* 


Except B port 


Vcc = 5.5 V, V| = 0.5 V 




-50 




B portt 


V C C = 5-5 V, V| = 0.75 V 




-100 


•oh 


B port 


Vcc = 0 to 5.5 V, V 0 = 2.1V 




100 


uA 


ios§ 


A port 


VCC = 5.5 V, V 0 = 0 




-30 -150 


mA 


'cc 


A port to B port 


Vcc = 5.5 V, >O = 0 




25 


mA 


B port to A port 




60 


Outputs disabled 






Cj 


V| = Vcc or G ND 




5 


PF 


C 0 


A port 


v O = V CC or GND 






PF 


Qo 


Bport per P1 194.0 


Vcc = 0 t0 4.5 V 




6 


PF 


Vcc = 4.5 V to 5.5 V 




5 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

$ For I/O ports, the parameters I|h and include the off-state output current. 

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
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SN54FB2031, SN74FB2031 
9-BIT TTL/BTL ADDRESS/DATA TRANSCEIVERS 

NOVEMBER 1991 - REVISED JULY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 5 V, 
Tp^ — 25°C 


SN54FB2031 


SN74FB2031 


UNIT 


MIM TYP MAY 

IV1IIN 1 Tr MHA 


miki MAY 
■win MHA 


miki MAY 


tPLH 


A (thru mode) 


B 


c 
O 






ns 


tPHL 


O 






tPLH 


A (transparent) 


B 


D 






ns 


tPHL 


Q 






tPLH 


LCA 


B 


■J 






ns 


tPHL 


I 






tPLH 


LCB 


A 


Q 






ns 


tPHL 


Q 






tPLH 


SEL1 or SELO 


A 


5 5 






ns 


tPHL 


o.o 






tPLH 


SEL1 or SELO 


B 


1 






ns 


tPHL 


•J 






tPLH 


B (thru mode) 


A 


a 
D 






ns 


tPHL 


Q 






tPLH 


B (transparent) 


A 


7 






ns 


tPHL 


7 






tPLH 


OEB or OEB 


B 


5.5 






ns 


tPHL 


5.5 






tpZH 


OEA 


A 


4 






ns 


IPZL 


4 






tPHZ 


OEA 


A 


5 






ns 


tPLZ 


5 






tsk(p) 


Skew for any single 
channel 
I tPHL-tPLHl 


A to Bor Bto A 


0.5 






ns 


*sk(o) 


Skew between drivers 
in the same package 


A to B or B to A 


1 






ns 


tt 


Transition time, B outputs (1 .3 V to 1 .8 V) 


2 




1 3 


ns 


tPR 


B-port input pulse rejection 






1 


ns 



live insertion specifications over recommended operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


SN54FB2031 


SN74FB2031 


UNIT 


MIN MAX 


MIN MAX 


ICC (BIAS V C C) 


VCC = 0 t0 4.5 V 


V B = 0 to 2 V 


V| (BIAS Vcc) = 4.5 V to 5.5 V 




450 


uA 


VCC = 4.5 V to 5.5 V 




10 


v 0 


Bport 


v C c = o, 


V! (BIAS V C C) = 


= 4.5 V to 5.5 V 




1.62 2.1 


V 






v C c = o, 


V B = 1 v, 


V| (BIAS Vcc) = 4-5 V to 5.5 V 




-1 




io 


B port 


VCC = 0 to 5.5 V, 


OEB = 0 to 0.8 V 




100 


uA 






VCC = 0 t0 2 -2 V, 


OEB = 0to5V 






100 
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SN54FB2031,SN74FB2031 

9-BIT TTL/BTL ADDRESS/DATA TRANSCEIVERS 



NOVEMBER 1991 - REVISED JULY 1993 



PARAMETER MEASUREMENT INFORMATION 

2.1 V 



From Output 
Under Test 



C L = 50 pF - 
(see Note A) 



500 Q 



500 Q 



S1 y 



.° 7V 
O Open 

O GND 



16.5 Q. 



From Output _ 
Under Test 



30 pF 
(see Note A) 



Test 
Point 



TEST 


S1 


tPLH/tPHL 
tPLZ^PZL 
tPHZ'tpZH 


Open 
7V 
GND 



LOAD CIRCUIT FOR A OUTPUTS 



LOAD CIRCUIT FOR B OUTPUTS 



Input 1.5V^" ^1.5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Input 
(see Note B) 



1.5 V 



tPHL — j*- 



3V 



0V 



3 V 
0V 



Output 



Input 
(see Note B) 



1.55 V 



*PLH 

I/ V 0H 

1.5 V 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (A to B) 



tPHL 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (B to A) 



Timing Input 



Data Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Output 
Control 
(see Note 



- — v J — 

rol \ 1-5 V / 1.5 V 



tpZL 



Output 
S1 at 7 V 
;e Note C) 



I 

~*| K~~ tPLZ 

I I 



3V 



0V 



tpzH-H 



\i5v wr — 

\ i av |f vol + 0.3 v 

tPHZ ->| U- 



3.5 V 

vol 



Output 
» Note C) 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES (A port) 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: TTL Inputs - PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, 
tf < 2.5 ns. BTL Inputs - PRR < 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54FB2032, SN74FB2032 
9-BIT TTL/BTL COMPETITION TRANSCEIVERS 



NOVEMBER 1 991 - REVISED JULY 1 993 



Compatible With IEEE 1194.1-1991 (BTL) 
and IEEE 896.2-1991 (Futurebus+) 
Standards 

TTL A Port, Backplane Transceiver Logic 
B Port 

Open-Collector B-Port Outputs Sink 100 mA 
Minimum B-Port Edge Rate = 2 ns 
Isolated Logic-Ground and Bus-Ground 
Pins Reduce Noise 



BIAS Vcc Pin Minimizes Signal Distortion 
During Live Insertion/Withdrawal 

Available in Plastic Quad Flatpack (RC) and 
Ceramic Flatpack (WD) Packages 

B-Port Biasing Network Preconditions the 
Connector and PC Trace to the Backplane 
Transceiver Logic High-Level Voltage 

TTL-lnput Structures Incorporate Active 
Clamping Networks to Aid in Line 
Termination 



SN54FB2032 ... WD PACKAGE 
(TOP VIEW) 



SN74FB2032 . . . RC PACKAGE 
(TOP VIEW) 



OEB 
OEA 
BIAS V CC [ 

v C c[ 

A1 

GND 
A2 
A3 

GND 
A4 
A5 

GND 
A6 
A7 

GND 
A8[ 
AP[ 

GND 
WIN 

Vcc 

LE[ 
GND[ 
COMPETE [ 
TDO[ 



TT 



description 



48 ] OEB 
47 ] TCK 
46 ] V C c 
45 ] TMS 
44 ] GND 
43]B1 
42] GND 
41 ] B2 
40 ] GND 
39 ] B3 
38] GND 
37]B4 
36 ] GND 
35 ] B5 
34] GND 
33 ] B6 
32 ] GND 
31 ] B7 
30 ] GND 
29 ] B8 
28 ] GND 
27] BP 
26 ] V CC 
25 ] TDI 



o 

>° 

- r- ft < LU LU 

O < O O 



2o< 



! ^o2 



a 
z: 

o CD 



GND 

A3 
GND 

A4 
GND 

A5 
GND 

A6 
GND 

A7 
GND 

A8 
GND 



52 51 50 49 48 47 46 45 44 43 42 41 40 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 



14 15 16 17 18 19 20 21 22 23 24 25 26 



39 [ 
38 [ 
37 [ 
36 [ 
35 [ 
34 [ 
33 [ 
32 [ 
31 [ 
30 [ 
29 [ 
28 [ 
27 [ 



Q_ Q Z O UJ Q 
< Z ^ O-J Z 
(3 > > O 



UJ On O |Q_ Q 
h- q P o Icq z 



GND 

B2 

GND 

B3 

GND 

B4 

GND 

B5 

GND 

B6 

GND 

B7 

GND 



LU lZ 1 
Q. 

o 
o 



The TB2032 is a 9-bit transceiver designed to translate signals between TTL and backplane transceiver logic 
(BTL) environments and to perform bus arbitration. It is specifically designed to be compatible with 
IEEE 1194.1-1991 (BTL) and IEEE 896.2-1991 (Futurebus+) standards. 

The B port operates at BTL-signal levels. The open-collector B p orts, a re specified to sink 100 mA and have 
minimum ou tput e dge rates of 2 ns. Two output enables, OEB and OEB, are provided for the B outputs. When 
OEB is low, OEB is high, or Vcc is typically less than 2.5 V, the B port is turned off. 

The A port operates at TTL-signal levels. The A outputs reflect the inverse of the data at the B port when the 
A-port output enable, OEA, is high. When OEA is low or when Vcc is typically less than 2.5 V, the A outputs are 
in the high-impedance state. 
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9-BIT TTL/BTL COMPETITION TRANSCEIVERS 
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description (continued) 

The A-port data can be latched by taking the latch enable (LE) high. When LE is low, the latches are transparent. 

The Futurebus+ protocol logic can be activated by taking COMPETE low. The module (device) theri compares 
its A data (arbitration number) against the A data of another identical module also connected to the B arbitration 
bus, jand sets WIN high if the A data is greater than the A data of the other module (i.e., has higher priorit y). A8 
and B8 are the most significant bits, and A1 and B1 are the least significant bits. If OEB is high and OEB is low 
during this operation, and the A bus of the first module wins priority, it will assert its arbitration number on the 
B-arbitration bus. 

AP and BP are the bus parity bits. The winning module may assert BP low if its parity bit (AP) is high. 

In a typical operating sequence, a Futurebus+ arbitration controller will latch its arbitration number into the A 
port and wait for the results of a competition. When the competition is complete, and if the controller's arbitration 
number did not win, the controller will read' back the current value of the B bus (by taking OEA high) and 
determine the winning arbitration number. This allows the module to change its arbitration number for the next 
competition cycle, if desired. 

Pins are allocated for the four-wire IEEE 1149.1 (JTAG) test bus, which will be implemented in a future version 
of the TB2032. Currently TMS and TCK are not connected and TDI is shorted to TDO. 

BIAS Vqc establishes a voltage between 1 .62 V and 2.1 V on the BTL outputs when Vqc is not connected. 

BG Vcc and BG GND are the supply inputs for the bias generator. 

The SN54FB2032 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74FB2032 is characterized for operation from 0°C to 70°C. 



TRANSCEIVER FUNCTION TABLE 



INPUTS 


FUNCTION 


OEA OEB OEB 


L H L 


A data to B bus 


H L X 
H X H 


B data to A bus 


H H L 


A data to B bus, B data to A bus 


L L X 
L X H 


Isolation 



STORAGE MODE TABLE 



LCA, LCB 


RESULT 


0 


Transparent 


1 


Latches latched 


t 


Flip-flops triggered 



SELECT FUNCTION TABLE 



SEL1 


SELO 


MUX 

A->B 


MUX 

B-^A 


0 


0 


Latch 


Latch 


0 


1 


Thru 


Thru 


1 


0 


Flip-flop 


Flip-flop 


1 


1 


Flip-flop 


Latch 
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functional block diagram 



OEB 



OEB 



OEA 



AP 



A8 



A7 



A6 



A5 



A4 



A3 



46 



45 



47 



14 



12 



10 



A2 



A1 



LE 



52 



50 



18 



-t> 



{> 



{> 



<5=- 



COMPETE 



20 



D ] I 

C1 1 

C1 _ 1 



r— J «>-ci bzzrn 




toni> 



24 



BP 



26 



B8 



30 



B6 



32 



B5 



DfE> 



34 



B4 



DfG> 



36 



B3 



38 



B2 



D-KI> 

— <H 



40 



B1 



16 



WIN 



UJ 

> 

UJ 

cc 

Q. 

H 
O 

Q 

O 

CC 



Pin numbers shown are for the RC package. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc — - ■■■ -0.5 V to 7 V 

Input voltage range, V| (except BP, B port) -1 .2 V to 7 V 

V, (BP, J port) . -1.2 V to 3.5 V 

Input current range (except BjDort) -40 mA to 5 mA 

Voltage range applied to any B output in the disabled or power-off state -0.5 V to 5.5 V 

Voltage range applied to any output in the high state -0.5 V to Vqc 

Current applied to any single output in the low state: A port 96 mA 

B port 200 mA 

Maximum power dissipation at = 55°C (in still air): RC package 0.85 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions (see Note 1) 









SN54FB2032 


SN74FB2032 


UNIT 








MIN NOM 


MAX 


MIN 


NOM 


MAX 


vcc 


Supply voltage 




4.5 5 


5.5 


4.5 


5 


5.5 


V 


BIAS V C c 


Supply voltage 




4.5 5 


5.5 


4.5 


5 


,5.5 


v 


V|H 


High-level input voltage 


BP, B port 


1.62 


2.3 


1.62 




2.3 


v 


Except B port 


2 


2 


V|L 


Low-level input voltage 


BP, B port 


0.75 


1.47 


0.75 




1.47 


v 


Except B port 


0.8 


0.8 


l|K 


Input clamp current 




-18 


-18 


mA 


'OH 


High-level output current 


AP, WIN, A port 




-3 


mA 


"OL 


Low-level output current 


AP, WIN, A port 




24 


mA 


BP, B port 


100 


100 


T A 


Operating free-air temperature 




-55 


125 


0 




70 


°C 



NOTE 1 : Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54FB2032 


SN74FB2032 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V IK 


BP, B port 


Vcc = 4.5V, l|=-18mA 




-1.2 


V 


Except BP, B port 


vcc = 45 v > 'I = - 40 mA 




-0.5 


v OH 


AP, WIN, A port 


V C C = 4.5V 


lOH = -"• mA 






V 


Iqh =~ 3 mA 




2.5 3.3 


v OL 


AP, WIN, A port 


V C C = 4.5 V 


Iql = 20 mA 






V 


Iql = 24 mA 




0.35 0.5 


BP, B port 


Vcc = 4.5 V 


lOL = 80 mA 




0.75 1.1 


Iql = 1 00 mA 






l| 


Except BP, B port 


V C C = 5-5 V, V| = 5.5 V 




50 


jiA 


"IH* 


Except BP, B port 


VCC = 5.5 V, V| = 2.7 V 




50 


|iA 


■IL* 


Except BP, B port 


VcC = 5-5 V, V| = 0.5 V 




-50 


HA 


BP, B portt 


Vcc = 5.5 V, V| = 0.75 V 




-100 


»OH 


BP, B port 


Vcc = 0 to 5.5 V, V 0 = 2.1 V 




100 


|iA 


"OS§ 


AP, WIN, A port 


V C C = 5-5 V, V 0 = 0 




-30 -150 


mA 


'cc 


A port to B port 


Vcc = 5-5 V, l 0 = 0 




25 


mA 


B port to A port 




60 


Outputs disabled 








V| = VccorGND 




5 


PF 


Co 


A port 


Vq = Vcc or GND 






PF 




Bport per P1 194.0 


VCC = 0 t0 4-5 V 




6 


PF 


Vcc = 4.5 V to 5.5 V 




5 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t For I/O ports, the parameters I|h and l|i_ include the off-state output current. 

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1 ) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54FB2032 


SN74FB2032 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


tPLH 


A or AP 


B or BP 






8 


ns 


tPHL 






8 


tPLH 


A 


B n _ -| 






9 


ns 


tPHL 






9 


tPLH 


A 


BP 






10 


ns 


tPHL 






10 


tPLH 


B 


B n -1 






9 


ns 


tPHL 






9 


tPLH 


LE 


B 






7.5 


ns 


tPHL 






7.5 


tPLH 


LE 


BP 






7.5 


ns 


tPHL 






7.5 


*PLH 


B or BP 


A or AP 






7.5 


ns 


tPHL 






7.5 


tPLH 


B 


WIN 






8.5 


ns 


tPHL 






8.5 


tPLH 


A 


WIN 






7.6 


ns 


*PHL 






7.6 


tPLH 


LE 


WIN 






7 


ns 


*PHL 






7 


tPLH 




WIN 






5.5 


ns 


tPHL 


COMPETE 






5.5 


tPLH 


OEB 


WIN 






6 


ns 


tPHL 






6 


tPLH 




B 






7.5 


ns 


tPHL 


COMPETE 






7.5 


tPLH 




BP 






6.5 


ns 


tPHL 


COMPETE 






6.5 


tPLH 


OEB 


B 






6.5 


ns 


tPHL 






6.5 


tPLH 


OEB 


B 






6.5 


ns 


tPHL 






6.5 


tpZH 


OEA 


A 






5.5 


ns 


t PZL ^ 






5.5 


tPHZ 


OEA 


A 






7 


ns 


tPLZ 






7 


t t 


Transition time, B outputs (1 .3 V to 1 .8 V) 


2 




1 3 


ns 


tPR 


B-port input pulse rejection 






1 


ns 
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live insertion specifications over recommended operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


SN54FB2032 


SN74FB2032 


UNIT 


MIN MAX 


MIN MAX 


ICC (BIAS V C c) 


Vcc = 0 to 4.5 V 


V B = 0 to 2 V, V| (BIAS V C C) = 4 5 v to 5.5 V 




450 




VCC = 4.5 V to 5.5 V 




10 


vo 


B port 


vcc = o, 


V| (BIAS Vcc) = 4.5 V to 5.5 V 




1.62 2.1 


V 






v C c = o, 


V B = 1 V, V| (BIAS V C C) = 4-5 V to 5.5 V 




-1 




«0 


Bport 


Vcc = 0 10 5.5. V, 


OEB = 0 to 0.8 V 




100 


HA 






Vcc = 0 to 2.2 V, 


OEB = 0 to 5 V 




100 





UJ 

> 

LU 
CC 
Q_ 



O 

Q 

O 

CC 
Ql 
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9-BIT TTL/BTL COMPETITION TRANSCEIVERS 



NOVEMBER 1991 - REVISED JULY 1993 



PARAMETER MEASUREMENT INFORMATION 

2.1 V 



From Output 
Under Test 



C|_ = 50 pF ; 
(see Note A) 



500 Q 

-A/W- 



500 Q 



S1/ 



.° 7V 
O Open 

O GND 



16.5 Q 



From Output . 
Under Test 



30 pF 
(see Note A) 



Test 
Point 



TEST 


S1 


tPLHftPHL 
tPLZrtpZL 
tPHZ/tPZH 


Open 
7V 
GND 



LOAD CIRCUIT FOR A OUTPUTS 



LOAD CIRCUIT FOR B OUTPUTS 



Input 1.5 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Input 
(see Note B) 



1.5 V 



W 



*PHL — j*- 



I 



W ^~tpLH 



Output 



"\ j.55V 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (A to B) 



Input 
(see Note 



>ut / 
B)_ / L55V 



\ ^1.55V 



tPHL 



I 



H * tp L H 



Output 



1.5 V 



3 V 



0V 



3V 
0V 

V 0 H 

vol 

2V 
1 V 

V 0 H 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (B to A) 



Timing Input 



Data Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Output 
Control 
(see Note 



rol \1-5V / 



1.5 V 



tPZL 



Output 
S1 at 7 V 
(see Note C) 



3V 



0V 



-►I K - tPLZ 



3.5 V 




tPHZ ->l k- 

tpzH-H K- I 



Output 
(see Note C) 



/i.5V \vo 



- Vqh 
V O H-0.3V 

- «0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES (A port) 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: TTL Inputs - PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, 
tf < 2.5 ns. BTL Inputs - PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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8-BIT TTL/BTL REGISTERED TRANSCEIVER 
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TTL A^ort, Backplane Transceiver Logic 
(BTL) B Port 

Open-Collector B-Port Outputs Sink 
100 mA 

Isolated Logic-Ground and Bus-Ground 
Pins Reduce Noise 

BIAS Vqc Pin Minimizes Signal Distortion 
During Live Insertion/Withdrawal 



Packaged in Plastic Quad Flat Packages 
(PQFP) With 0.65-mm Pin Pitches 

B-Port Biasing Network Preconditions the 
Connector and PC Trace to the Backplane 
Transceiver Logic High-Level Voltage 

TTL-lnput Structures Incorporate Active 
Clamping Networks to Aid in Line 
Termination 



RC PACKAGE 
(TOP VIEW) 

< 
Hi 



O 
O 



s> 8 



^ O H 2 oZjWyCDJJLIC5<|^ 







GND 


]1 


A02 


CM 


AI3 


]3 


A03 


]4 


AI4 


]5 


A04 


]6 


LOOPBACK 


]7 


AI5 


]8 


A05 


]9 


AI6 


]10 


A06 


]11 


AI7 


]12 


GND 





52 51 50 49 48 47 46 45 44 43 42 41 40 



14 15 16 17 18 19 20 21 22 23 24 25 26 



39 [ GND 
38 [ B2 
37 [ GND 
36 [ B3 
35 [ GND 
34 [ B4 
33 [ GND 
32 [ B5 
31 [ GND 
30 [ B6 
29 [ GND 
28 [ B7 
27 [ GND 



N 00 N Q 0<Oi- O CQ |fJQ Q |CO 

O ? O z odqluuj o lu Illi z Icq 

< <o> ^ 9 Q > oo o 
goo 

_J 

o 



description 



The SN74FB2033 is an 8-bit transceiver featuring a split input (Al) and output (AO) bus on the TTL-level A port. 
The common I/O, open-collector B port operates at backplane transceiver logic (BTL) signal levels. 

The logic element for data flow in each direction is configured by two mode inputs (IMODE1 and IMODE0 for 
B-to-A, OMODE1 and OMODE0 for A-to-B) as a buffer, a D-type flip-flop, or a D-type latch. When configured 
in the buffer mode, the inverse of the input data appears at the output port. In the flip-flop mode, data is stored 
on the rising edge of the appropriate clock input (CLKAB/LEAB or CLKBA/LEBA). In the latch mode, the clock 
pins serve as transparent-high latch enables. 

Data flow in the B-to-A direction, regardless_of the logic element selected, is further controlled by the 
LOOPBACK input. When LOOPBACK is low, B-port data is the B-to-A input. When LOOPBACK is high, the 
output of the selected A-to-B logic element (prior to inversion) is the B-to-A input. 



PRODUCTION DATA information is current as of publication date. — Copyright © 1993, Texas Instruments Incorporated 
Products conform to specifications per the terms of Texas Instruments 

standard warranty. Production processing does not necessarily include ▼9*9 TTV? A/" AO 

testing of all parameters. IfcyvAo 
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description (continued) 

The AO port enable/disable control is provided by OEA. When OEA is low or when Vqc ' s ' ess tnan 2.5 V, the 
AO port is in the high-impedance state. When OEA is high, the AO port is active (high or low logic levels). 

ThejB port is controlled by OEB and OE B. If O EB is low or OEB is high or when Vqq is typically less than 2.5 V 
the B port is inactive. If OEB is high and OEB is low, the B port is active. 

BG Vqc and BQ GND are the bias generator reference inputs. 

The A-to-B and B-to-A logic elements are active regardless of the state of their associated outputs. The logic 
elements can enter new data (in flip-flop and latch modes)_or retain previously stored data while the associated 
outputs are in the high-impedance (AO port) or inactive (B port) states. 

Output clamps are provided on the BTL outputs to reduce switching noise. One clamp reduces inductive ringing 
effects on Vqh during a low-to-high transition. The other clamps out ringing below the BTL Vql voltage of 0.75 V. 
Both these clamps are only active during AC switching and do not affect the BTL outputs during steady-state 
conditions. 

BIAS Vqc establishes a voltage between 1 .62 V and 2.1 V on the BTL outputs when Vqc is not connected. 
The SN74FB2033 is characterized for operation from 0°C to 70°C. 



FUNCTION TABLE 



INPUTS 


FUNCTION/MODE 


OEA 


OEB 


OEB 


OMODE1 


OMODE0 


IMODE1 


IMODE0 


LOOPBACK 


L 
L 


L 
X 


X 
H 


X 
X 


X 
X 


X 
X 


X 
X 


X 
X 


Isolation 


X 


H 


L 


L 


L 


X 


X 


X 


Al to B, buffer mode 


X 


H 


L 


L 


H 


x 


X 


X 


Al to B, flip-flop mode 


X 


H 


L 


H 


X 


X 


X 


X 


Al to B, latch mode 


H 
H 


L 
X 


X 
H 


X 
X 


X 
X 


L 
L 


L 
L 


L 
L 


B to AO, buffer mode 


H 
H 


L 
X 


X 
H 


X 
X 


X 
X 


L 
L 


H 
H 


L 
L 


B to AO, flip-flop mode 


H 
H 


L 
X 


X 
H 


X 
X 


X 
X 


H 
H 


X 
X 


L 
L 


B to AO, latch mode 


H 
H 


L 
X 


X 
H 


X 
X 


X 
X 


L 
L 


L 
L 


H 
H 


Al to AO, buffer mode 


H 
H 


L 
X 


X 
H 


X 
X 


X 
X 


L 
L 


H 
H 


H 
H 


Al to AO, flip-flop mode 


H 
H 


L 
X 


X 
H 


X 
X 


X 
X 


H 
H 


X 
X 


H 
H 


Al to AO, latch mode 


H 


H 


L 


X 


X 


X 


X 


L 


Al to B, B to AO 
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Function Tables 



ENABLE/DISABLE 



INPUTS 


OUTPUTS 


OEA OEB OEB 


AO B 


L X X 
H X X 
X L L 
X L H 
X H L 
X H H 


Z 

Active (H or L) 

Inactive (H) 
Inactive (H) 
Active (H or L) 
Inactive (H) 



BUFFER 



INPUT 


OUTPUT 


L 


H 


H 


L 



LATCH 



INPUTS 


OUTPUT 


CLK/LE 


DATA 


H 


L 


H 


H 


H 


L 


L 


X 


Q 0 



LOOPBACK 



LOOPBACK 


Qt 


L 
H 


Bport 
Point P* 



t Q is the input to the B-to-A 

logic element, 
t P is the output of the A-to-B 

logic element (see functional 

block diagram). 



SELECT 



INPUTS 


SELECTED LOGIC 
ELEMENT 


MODE1 


MODE0 


L 


L 


Buffer 


L 


H 


Flip-flop 


H 


X 


Latch 



FLIP-FLOP 



INPUTS 


OUTPUT 


CLK/LE DATA 


L X 


Qo 


T L 


H 


t H 


L 
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functional block diagram 

23 




IMODE1 
IMODE0 



CLKBA/LEB 
A 



46 



45 



A01 



51 



OEA 



43 



1D — , 



C1 



1D 

C1< 



One of Eight Channels 



LOOPBACK 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc ■ -0.5 V to 7 V 

Input voltage range, V| (except B port) -1 .2 V to 7 V 

V, (Bport) -1.2 V to 3.5 V 

Input current range, (except B port) -40 mA to 5 mA 

Voltage range applied to any B output in the disabled or power-off state -0.5 V to 5.5 V 

Voltage range applied to any output in the high state -0.5 V to Vqc 

Current applied to any single output in the low state: A port 96 mA 

B port 200 mA 

Maximum power dissipation at = 55°C (in still air) 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 



recommended operating conditions (see Note 1) 





MIN 


NOM 


MAX 


UNIT 


V C C. BG V C c 


Supply voltage 




4.75 


5 


5.25 


V 


BIAS V C C 


Supply voltage 




4.5 


5 


5.5 


V 


V|H 


High-level input voltage 


Bport 


1.62 




2.3 


V 


Except B port 


2 


V|L 


Low-level input voltage 


B port 


0.75 




1.47 


V 


Except B port 


0.8 


'OH 


High-level output current 


AO port 


-3 


mA 


lOL 


Low-level output current 


AO port 


24 


mA 


Bport 


100 


T A 


Operating free-air temperature 




0 




70 


°C 



NOTE 1 : Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


V|K 


V CC = 4.75 V, 1 1 =-18 mA 


-1.2 


V 


VOH 


AO port 


Vcc = 4 -75 V to 5.25 V, Iqh = -1 0 uA 


Vcc-1-1 


V 


vcc = 475 v 


lOH = -3 mA 


2.5 2.85 3.4 


l0H = -32 mA 


2 


v OL 


Mw pon 


V C C = 4.75 V 


lOL = 20 mA 


0.33 0.5 


v 


lOL = 55 mA 


0.8 


_ 

B port 


VCC = 4-75V 


IOL = l00mA 


0.75 1.1 


Iql = 4 mA 


0.5 


'I 


Except B port 


V C C = 0. V| = 5.25 V 


100 


>A 


l|H 


Except B port 


V C C = 5-25 V, V| = 2.7 V 


50 


uA 


B portt 


V C C = 0 to 5.25 V, V| = 2.1V 


100 


IlL 


Except B port 


V C C = 5.25 V, V| = 0.5 V 


-50 


HA 


B portt 


V C C = 5.25 V, V| = 0.75 V 


-100 


•oh 


B port 


V C C = 0 to 5.25 V, V 0 = 2.1V 


100 


|iA 


'OZH 


AO port 


V C C = 5.25 V, V 0 = 2.7 V 


50 


|iA 


'OZL 


AO port 


V C C = 5.25 V, V O = 0.5V 


-50 


^A 


"OS* 


AO port 


VcC = 5.25 V, Vq = 0 


-40 -80 -150 


mA 


'cc 


All outputs on 


V C C = 5.25 V, l O = 0 


45 60 


mA 


Ci 


Al port and control inputs 


V| = Vcc or GND 


5 


PF 


Co 


AO port 


v O = V CC or GND 


5 


PF 


C i0 § 


Bport per P1 194.0 


Vcc = 0 to 4 -75 V 


6 


PF 


Vcc = 4 -75 V to 5.25 V 


6 



t For I/O ports, the parameters l|H and include the off-state output current. 

t Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
§ Parameter is based on characterization data but is not tested. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 2) 





VCC = 5V, 
T A = 25°C 

MIN MAX 


MIN MAX 


UNIT 


fclock Clock frequency 


0 150 


0 150 


MHz 


t w Pulse duration, CLKAB/LEAB or CLKBA/LEBA 


4 


4 


ns 


t su Setup time, data before CLKAB/LEAB or CLKBA/LEBAt 


4 


4 


ns 


t n Hold time, data after CLKAB/LEAB or CLKBA/LEBAT 


1 


1 


ns 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


MIN 


MAX 


UNIT 




MIN 


TYP 


MAX 








f max 






150 


150 


MHz 


tPLH 


Al (thru mode) 


B 


2.3 


3.8 


5.3 


1.8 


6.5 


ns 


tPHL 


1.2 


2.6 


4 


1.2 


4.2 


tPLH 


B (thru mode) 


AO 


2.2 


3.9 


5.7 


1.9 


6.6 


ns 


tPHL 


3.8 


5.2 


6.7 


3.2 


7.3 


tPLH 


Al (transparent) 


B 


3.5 


5 


6.7 


2.9 


8.1 


ns 


tPHL 


2.1 


3.6 


5.3 


2 


5.7 


tPLH 


B (transparent) 


AO 


2.6 


4.3 


6.3 


2.3 


7.2 


ns 


tPHL 


4.3 


5.6 


7.1 


3.7 


7.6 


tPLH 


OEB 


B 


2.4 


3.7 


5.3 


2 


6.4 


ns 


tPHL 


1.2 


2.6 


4.1 


1.2 


4.4 


tPLH 


OEB 


B 


2.5 


3.8 


5.3 


2.2 


6.4 


ns 


tPHL 


1.4 


2.9 


4.5 


1.3 


4.9 


tpzH 


OEA 


AO 


1.8 


3.5 


5.1 


1.5 


5.6 


ns 


tPZL 


2.6 


4.3 


5.9 


1.8 


6.2 


tPHZ 


OEA 


AO 


1.7 


3.5 


5.3 


1.4 


5.7 


ns 


tPLZ 


1 


2.7 


4.5 


1 


4.9 


tPLH 


CLKAB/LEAB 


B 


3.5 


5 


6.7 


3 


8.1 


ns 


tPHL 


2 


3.6 


5.2 


1.9 


5.5 


tPLH 


CLKBA/LEBA 


AO 


2.2 


3.8 


5.4 


1.9 


5.8 


ns 


tPHL 


2.7 


4.1 


5.6 


2.4 


5.7 


tPLH 


OMODE 


B 


3.2 


4.8 


6.5 


2.7 


7.9 


ns 


tPHL 


1.9 


3.5 


5.2 


1.7 


5.7 


tPLH 


IMODE 


AO 


2 


3.6 


5.3 


1.7 


6 


ns 


tPHL 


2.5 


4.1 


5.6 


1.8 


5.8 


tPLH 


LOOPBACK 


AO 


2.3 


4.6 


6.8 


2 


7.5 


ns 


tPHL 


3.2 


4.8 


6.4 


2.9 


6.4 


tPLH 


Al 


AO 


2.1 


3.7 


5.4 


1.9 


5.8 


ns 


tpHL 


2.9 


4.3 


5.9 


2.5 


6.4 




Rise time 1.3 V to 1.8 V 


B 


1.5 






tt 


Fall time 1.8 V to 1.3 V 


1.5 




ns 




Rise or fall time 10% to 90% 


AO 


3.5 






tPR 


B-port input pulse rejection 






1 


ns 
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live insertion specifications over recommended operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


ICC (BIASVcc) 


Vcc = 0to 4.5 V 


VB = 0to2V, V| (BIAS Vcc) = 4.5 V to 5.5 V 


400 


uA 


Vcc = 4 -5Vto5.5V 


10 


vo 


B port 


Vcc = 0, V| (BIAS V C C) = 4.5 V to 5.5 V 


1.62 2.1 


V 


io 


Bport 


VCC = 0. V B = 1V, V| (BIAS V C c) = 4.5 V to 5.5 V 


-1 


uA 


Vcc = 0 ^ 5.5 V, OEB = 0 to 0.8 V 


100 


Vcc = 0to2.2V, OEB = 0to5V 


100 



miscellaneous characteristics 





TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Vqhp^ Peak Dus voltage during turnoff of 1 00 mA into 40 nH 


Bport 


See Figure 1 


4 


V 


Vqhv^ Minimum bus voltage during turnoff of 100 mA into 40 nH 


B port 


See Figure 1 


1.62 


V 


Vqlv Minimum bus voltage during high to low switch 


B port 


IOL = -50 mA 


0.3 


V 



t Parameter is based on characterization data but not tested. 



PARAMETER MEASUREMENT INFORMATION 

2V 



40 nH 

From Output fYYY\ A 
Under Test 



912 



30 pF 



Figure 1. Load Circuit Vqhp> v OHV 



8-30 
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2V 



From Output 
Under Test 

C|_ = 50 pF 
(see Note A) 



500 Q 

-A/W- 



500 £2 



7V 

O 

*y o 

Open 



9Q 



From Output _ 
Under Test 



4 Test 
Point 



30 pF 
(see Note A) 



TEST 


S1 


tPLH^PHL 
tPLZApZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR A OUTPUTS 



LOAD CIRCUIT FOR B OUTPUTS 



Timing Input 



Data Input ^1.5 V ^Q 5V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
i Note 



>ut / 

B > A 



1.5 V 



3V 
0V 

3V 
0V 

3V 
0V 



tPHL— f" 



I 



*PLH 



Output 



Input 
(see Note B) 



"^N^1.55V 



1/ V 0H 

1.5 V 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (A to B) 



tPHL 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (B to A) 



— y v — 

Input 1.5 V ft A 1 " 5V 



3V 



0V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 
(see Note 



- — v / — 

rol \ 1-5V / 1.5 V 

tpZL-^! *- J ^ 



Output 
S1 at 7 V 
(see Note C) 



"*| l 4 "^ *PLZ 

I I 



\ 15V 



tpzH-H K~ 



tpHz -►! k- 



Output 
(see Note C) 



3 V 
0V 

3.5 V 
3 V 

vol 

VOH 

ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES (A port) 



VqhP 




VOLV 

VOLTAGE WAVEFORMS 
MISCELLANEOUS CHARACTERISTICS 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: TTL inputs - PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, 
tf < 2.5 ns, BTL inputs - PRR < 1 0 MHz, Zo = 50 Q,, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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Compatible With IEEE 1194.1-1991 (BTL) 
and IEEE 896.2-1991 (Futurebus+) 
Standards 

TTL A Port, Backplane Transceiver Logic 
BPort 

Open-Collector B-Port Outputs Sink 100 mA 

Minimum B-Port Edge Rate = 2 ns 

Isolated Logic-Ground and Bus-Ground 
Pins Reduce Noise 



BIAS V cc Pin Minimizes Signal Distortion 
During Live Insertion/Withdrawal 

Available in Plastic Quad Flatpack (RC) and 
Ceramic Flatpack (WD) Packages 

B-Port Biasing Network Preconditions the 
Connector and PC Trace to the Backplane 
Transceiver Logic High-Level Voltage 



SN54FB2040 ... WD PACKAGE 
(TOP VIEW) 



OEB 
OEA[ 
BIASV CC [ 

v C c[ 

A01 
AI1 
A02[ 
GND[ 
AI2[ 
AI3[ 
A03[ 
A04[ 
GND[ 
AI4[ 
AI5[ 
A05[ 
A06[ 
GND[ 
AI6[ 
A07[ 
AI7[ 
GND[ 
A08[ 
TDO[ 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 



48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 



]OEB 
]TCK 

]v cc 

TMS 
]GND 

BT 
]GND 

B2 

GND 

B3 

GND 
] B4 
] GND 
] B5 
] GND 
] B6 
] GND 
]B7 
] GND 

B8 

GND 

AI8 

V C C 
TDI 



SN74FB2040 . . . RC PACKAGE 
(TOP VIEW) 

O 

>° 

CM r- 0 CO < CD ICQ i£ 0 CO Q 

< < < O O |o P >°h(l} 



GND 
AI2 
AI3 
A03 
GND 
A04 
GND 
AI4 
AI5 
A05 
GND 
A06 
GND 



Icq 



]1 
]2 

]3 
]4 

]5 
6 

V 

] 8 

] 9 
]10 

11 

12 

13 



52 51 50 49 48 47 46 45 44 43 42 41 40 



14 15 16 17 18 19 20 21 22 23 24 25 26 



39 [ 
38 [ 
37 
36 [ 
35 
34 \\ 
33 
32 [ 
31 [ 
30 [ 
29 [ 
28 [ 
27 [ 



CD q 01 s - Q 00 o « o CO Q 100 
— 15 n — =5 o x P — =5 Icq 



GND 

B2 

GND 

B3 

GND 

B4 

GND 

B5 

GND 

B6 

GND 

B7 

GND 



O <> 



zOqP o< 2 



description 

. The TB2040 is an 8-bit transceiver designed to translate signals between TTL and backplane transceiver logic 
(BTL) environments. It is specifically designed to be compatible with IEEE 1194.1-1991 (BTL) and 
IEEE 896.2-1 991 (Futurebus+) standards. 

The B port operates at BTL-signal levels. The open-collector B p orts a re specified to sink 1 00 mA and have 
minimum output edge rates of 2 ns. Two output enables, OEB and OEB, are provided for the B outputs. When 
OEB is high and O EB is low, the B port is active and reflects the inverse of the data present at the A-input pins. 
When OEB is low, OEB is high, or Vqc is typically less than 2.5 V, the B port is turned off. 



PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1993, Texas Instruments Incorporated 

design phase of development Characteristic data and other W mm. 

specifications are design goals. Texas Instruments reserves the right to IVvac 

change or discontinue these products without notice. l£L/v/Y.O 
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description (continued) 

The A port operates at TTL-signal levels and has split input and output pins. The A outputs reflect the inverse 
of the data at the B port when the A-port output enable, OEA, is high. When OEA is low or when V<x is typically 
less than 2.5 V, the A outputs are in the high-impedance state. 

Pins are allocated for the four-wire IEEE 1149.1 (JTAG) test bus, which will be implemented in a future version 
of the 'FB2040. Currently TMS and TCK are not connected and TDI is shorted to TDO. 

BIAS Vcc establishes a voltage between 1 .62 V and 2.1 V on the BTL outputs when Vqc is not connected. 

The SN54FB2040 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74FB2040 is characterized for operation from 0°C to 70°C. 



FUNCTION TABLE 



INPUTS 


FUNCTION 


OEB OEB OEA 


L X L 
X H L 


Isolation 


L X H 
X H H 


B data to AO bus 


H L L 


Al data to B bus 


H L H 


Al data to B bus, B data to AO bus 



logic symbolt 



OEB 
OEA 

OEB 

A01 

AI1 
A02 

AI2 
A03 

AI3 
A04 

AI4 
A05 

AI5 
A06 

AI6 
A07 

AI7 
A08 

AI8 



46 



47 



45 



50 



51 



52 



10 



12 



14 



16 



18 



20 



24 



G1 
EN2 



1EN3 

ri 



V2 



3£ 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the RC package. 



40 



38 



36 



34 



32 



30 



28 



26 



B1 



B2 



B3 



B4 



B5 



B6 



B7 



B8 
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functional block diagram 



OEB - 



46 



45 

OEB C 



> 



OEA- 



AI1 



A01 



50 



▼ ▼ 



40 



B1 



V 

To Seven Other Channels 



Pin numbers shown are for the RC package. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc . . . ^ -0.5 V to 7 V 

Input voltage range, V| (except B port) -1 .2 V to 7 V 

V, (Bport) -1.2 V to 3.5 V 

Input current range (except B jport) - 1 8 mA to 5 mA 

Voltage range applied to any B output in the disabled or power-off state -0.5 V to 5.5 V 

Voltage range applied to any output in the high state -0.5 V to Vqq 

Current applied to any single output in the low state: Aport 96 mA 

(Bport) 200mA 

Maximum power dissipation at Ta = 55°C (in still air): RC package 0.85 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions (see Note 1) 









SN54FB2040 


SN74FB2040 


UNIT 








MIN 


NOM MAX 


MIN 


NOM MAX 


V CC) BIASVcc 


Supply voltage 




4.5 


5 5.5 


4.5 


5 5.5 


V 


V|H 


High-level input voltage 


Bport 


1.62 


2.3 


1.62 


2.3 


V 


Except B port 


2 


2 


V|L 


Low-level input voltage 


B port 


0.75 


1.47 


0.75 


1.47 


V 


Except B port 


0.8 


0.8 


IlK 


Input clamp current 




-18 


-18 


mA 


•oh 


High-level output current 


AO port 




-3 


mA 


lOL 


Low-level output current 


AO port 




24 


mA 


B port 


100 


100 


T A 


Operating free-air temperature 




-55 


125 


0 


70 


°c 



NOTE 1 : Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 






UNIT 


MIN TYPt MAY 


MIN TYPt MAY 


V|K 


B port 


Vcc = 4.5V, l|=-18mA 




-1.2 


V 


Except B port 


Vcc = 4.5 V, 1 1 = - 40 mA 




-0.5 


V 0 H 


AO port 


V C C = 4.5V 


lOH = -1 mA 






V 


IQH = -3 mA 




2.5 3.3 


vol 


AO port 


V C C = 4.5 V 


Iql = 20 mA 






V 


Iql = 24 mA 




0.35 0.5 


B port 


VCC = 4.5 V 


lOL = 80 mA 




0.75 1.1 


Iql = 1 00 mA 




1.15 


!i 


Except B port 


V C C = 5-5 V, V| = 5.5 V 




50 




l|H* 


Except B port 


V C C = 5.5 V, V| = 2.7 V 




50 


^iA 


I.L* 


Except B port 


VCC = 5.5 V, V| = 0.5 V 




-50 


uA 


Bportt 


Vcc = 5.5 V, V| = 0.75 V 




-100 


•oh 


B port 


Vcc = 0 to 5.5 V, V 0 = 2.1 V 




100 




'OZH 


AO port 


V C C = 5.5 V, V 0 = 2.7 V 




50 


uA 


'OZL 


AO port 


Vcc = 5.5 V, Vq = 0.5V 




-50 


^A 


"OS§ 


AO port 


VCC =5.5 V, V O = 0 




-30 -150 


mA 


tec 


Al port to B port 


V C C = 5.5V, l O = 0 




25 


mA 


B port to AO port 




60 


Outputs disabled 






Cj 


Al port and control inputs 


V| = V C corGND 






PF 


C 0 


AO port 


v O = V CC or GND 






pF 


Qo 


Bport per P1 194.0 


Vcc = 0 to 4.5 V 




6 


PF 


Vcc = 4.5 V to 5.5 V 




5 



t All typical values are at Vcc = 5 V, T^ = 25°C. 

t For I/O ports, the parameters I|h and include the off-state output current. 

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 



Texas 
Instruments 

8-36 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54FB2040, SN74FB2040 
8-BIT TTL/BTL TRANSCEIVERS 

NOVEMBER 1991 - REVISED JULY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54FB2040 


SN74FB2040 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


tPLH 


Al 


B 


3.9 






ns 


tPHL 


3.6 






tPLH 


B 


AO 


3.9 






ns 


tPHL 


3.8 






tPLH 


OEB 


B 


5.1 






ns 


tpHL 


4.3 






tPLH 


OEB 


B 


4.4 






ns 


tDUl 

rnL 


4.1 






l rz.n 


OEA 


AO 


3.2 






ns 


tpZL 


3 






tPHZ 


OEA 


AO 


3.2 






ns 


tPLZ 


2.7 






t sk(p) 


Skew for any single 
channel 
1 tPHL-tPLHl 


Al to B or B to AO 






0.75 


ns 


tsk(o) 


Skew between drivers 
in the same package 


Al to B or B to AO 


1 1.5 




2 


ns 


tt 


Transition time, B outputs (1 .3 V to 1 .8 V) 


2 




1 3 


ns 


tPR 


B-port input pulse rejection 






1 


ns 



live insertion specifications over recommended operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


SN54FB2040 


SN74FB2040 


UNIT 


MIN MAX 


MIN MAX 


ICC (BIAS Vcc) 


Vcc = 0 to 4.5 V 


V B = 0 to 2 V, V| (BIAS Vcc) = 4 - 5 v to 5.5 V 




450 


|iA 


Vcc = 4 -5 V to 5.5 V 




10 


v 0 


Bport 


v C c = o. 


V| (BIAS V C c) = 4-5 V to 5.5 V 




1.62 2.1 


V 






v C c = o. 


V B = 1 V, V| (BIAS V C C) = 4-5 V to 5.5 V 




-1 




>0 


Bport 


Vcc = 0 to 5.5 V, 


OEB = 0 to 0.8 V 




100 








Vcc = 0 to 2.2 V, 


OEB = 0 to 5 V 




100 
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SN54FB2040, SN74FB2040 
8-BIT TTL/BTL TRANSCEIVERS 

NOVEMBER 1 991 - REVISED JULY 1 993 



PARAMETER MEASUREMENT INFORMATION 

2.1V 



From Output 
Under Test 



C L = 50 pF - 
(see Note A) 



500 Q 

-AA/V- 



S1, 



7V 



O Open 



50012 



16.5 Q 



From Output . 
Under Test 



4 Test 
Point 



30 pF 
(see Note A) 



TEST 


S1 


tPLH/tPHL 
tPLZ/tPZL 
tPHZ/tpZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR A OUTPUTS 



LOAD CIRCUIT FOR B OUTPUTS 



Input 
(see Note 



>ut / 

B > A 



1.5 V 



tPHL — j*" 



tPLH 



Output 



Input 
(see Note B) 



55 V 



3V 
0V 

VOH 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (A to B) 



tPHL 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (B to A) 



Output 
Control 
(see Note 



Output 
S1 at 7 V 
(see Note C) 



- — v r~ 

rol \ 1.5 V / 1.5 V 

B > \- / 

tpZL->! \*~ J 



I 

I I 



3V 



0V 



3.5 V 



tpZH-H 



tPHZ-^ U- 



3 V 

vol 



Output 
(see Note C) 



VOH 



VQH-0-3V 



= 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES (A port) 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: TTL Inputs - PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, 
tf < 2.5 ns. BTL Inputs - PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 



8-38 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN74FB2041 
7-BIT TTL/BTL TRANSCEIVER 



NOVEMBER 1991 - REVISED JULY 1993 



Compatible With IEEE 1194.1-1991 (BTL) 
and IEEE 896.2-1991 (Futurebus+) 
Standards 

TTL A Port, Backplane Transceiver Logic 
BPort 

Open-Collector B-Port Outputs Sink 100 mA 

Minimum B-Port Edge Rate = 2 ns 

Isolated Logic-Ground and Bus-Ground 
Pins Reduce Noise 



BIAS Vqq Pin Minimizes Signal Distortion 
During Live Insertion/Withdrawal 

Packaged in Plastic Quad-Flat Packages 
(PQFP) With 0.65-mm Pin Pitches 

B-Port Biasing Network Preconditions the 
Connector and PC Trace to the Backplane 
Transceiver Logic High-Level Voltage 



description 



9? 

CM i- 



RC PACKAGE 
(TOP VIEW) 

O 

i- > < ICQ _ 

0 UJ O UJ 5^ n W Q ir. 

1 i i ii ii ii ii ii ii ii ii ii i 



GND ]1 
2AI1 ]2 
2AI2 ]3 

2A02 ]4 
GND ]5 

2A03 ] 6 
GND ]7 
2AI3 ]8 
3AI1 ]9 

3A01 ]10 
GND ]11 

3A02 ] 12 
GND ]13 



52 51 50 49 48 47 46 45 44 43 42 41 40 



39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 



14 15 16 17 18 19 20 21 22 23 24 25 26 



GND 

2BT 

GND 

2B2 

GND 

2B2 

GND 

3BT 

GND 

3B2 

GND 

3B3 

GND 



won o co Q < o FS 

< z O o < zujqP 

co o <> co o O h 

CO CM 



O <|CQ ICQ 

O LU LU LU 

> OlO lo 

CO CM CO 



The SN74FB2041 is a 7-bit transceiver designed to translate signals between TTL and backplane transceiver 
logic (BTL) environments. It is specifically designed to be compatible with IEEE 1194.1-1991 (BTL) and 
IEEE 896.2-1991 (Futurebus+) standards. 

The B port operates at BTL-signal levels. The open-collector B p orts a re specified to sink 100 mA and have 
minimum output edge rates of 2 ns. Two output enables, OEB and OEB, are provided for the B outputs. When 
OEB is high and O EB is low, the B port is active and reflects the inverse_of the data present at the A-input pins. 
When OEB is low, OEB is high, or Vqq is typically less than 2.5 V, the B port is turned off. The enable/disable 
logic partitions the device as two 3-bit sections and one 1-bit section. 

The A port operates at TTL-signal levels and has split input and output pins. The A outputs reflect the inverse 
of the data at the B port when the A-port output enable, OEA, is high. When OEA is low or when Vqq is typically 
less than 2.5 V, the A outputs are in the high-impedance state. 

Pins are allocated for the four-wire IEEE 1149.1 (JTAG) test bus, which will be implemented in a future version 
of the SN74FB2041 . Currently TMS and TCK are not connected and TDI is shorted to TDO. 



PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 993, Texas Instruments Incorporated 

design phase of development. Characteristic data and other Jf^ 

specifications are design goals. Texas Instruments reserves the right to Hi0 Trv AO 

change or discontinue these products without notice. \f I I"* 1 . X /\^ 
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SN74FB2041 

7-BIT TTL/BTL TRANSCEIVER 



NOVEMBER 1991 - REVISED JULY 1993 



description (continued) 

BIAS Vqq establishes a voltage between 1 .62 V and 2.1 V on the BTL outputs when Vqc is not connected. 
The SN74FB2041 is characterized for operation from 0°C to 70°C. 

FUNCTION TABLE 



logic symbolt 



INPUTS 


FUNCTION 


OEB OEB OEA 


L X L 
X H L 


Isolation 


L X H 
X H H 


B data to AO bus 


H L L 


Al data to B bus 


H L H 


Al data to B bus, B data to AO bus 



OEB 
10EA 

10EB 
20EA 

20EB 
30EA 

30EB 

1A01 

1AI1 
2A01 

2AI1 
2A02 

2AI2 
2A03 

2AI3 
3A01 

3AI1 
3A02 

3AI2 
3A03 

3AI3 



46 



47 



45 



20 



25 



24 



26 



50 



G1 
EN2 
1EN3 
EN4 
1EN5 
EN6 

1EN7 
^ 



51 



52 



10 



12 



14 



16 



18 



V2 



3£ 



V4 



50 



7£ 



40 



38 



36 _ 



34 



1B1 
2B1 
2B2 
2B3 



32 — 
1B1 



30 



28 



2B2 



2B3 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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SN74FB2041 
7-BIT TTL/BTL TRANSCEIVER 

NOVEMBER 1991 - REVISED JULY 1993 



functional block diagram 



OEB 
10EB 
10EA 

1AI1 
1A01 

20EB 

20EA 

2AI1 
2A01 

2AI2 
2A02 

2AI3 
2A03 

30EB 

30EA 

3AI1 
3A01 

3AI2 
3A02 

3AI3 
3A03 



46 



45 



47 



51 



50 



25 



20 



52 



26 



24 



> 



<5= 



<3= 



^7> 



40 



38 



36 



34 



32 



1B1 



2B1 



2B2 



2B3 



3B1 



3B2 



3B3 



UJ 

> 

LU 
OC 
Q. 

I- 
O 
D 
Q 

O 

OC 
Ol 
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SN74FB2041 

7-BIT TTL/BTL TRANSCEIVER 



NOVEMBER 1991 - REVISED JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqq . . — -0.5 V to 7 V 

Input voltage range, V| (except B port) -1 .2 V to 7 V 

V|(Bport) , -1.2Vto3.5V 

Input current range (except B_port) -1 8 mA to 5 mA 

Voltage range applied to any B output in the disabled or power-off state -0.5 V to 5.5 V 

Voltage range applied to any output in the high state -0.5 V to Vqq 

Current applied to any single output in the low state: A port 96 mA 

B port 200 mA 

Maximum power dissipation at = 55°C (in still air) 0.85 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

recommended operating conditions (see Note 1) 





MIN NOM 


MAX 


UNIT 


v C c, bias Vqc 


Supply voltage 




4.5 5 


5.5 


V 


V|H 


High-level input voltage 


Bport 


1.62 


2.3 


V 


Except B port 


2 


V|L 


Low-level input voltage 


Bport 


0.75 


1.47 


V 


Except B port 


0.8 


'IK 


Input clamp current 




-18 


mA 


'OH 


High-level output current 


AO port 


-3 


mA 


lOL 


Low-level output current 


AO port 


24 


mA 


B port 


100 


T A 


Operating free-air temperature 




0 


70 


°C 



NOTE 1 : Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|K 


B port 


Vcc = 4 -5V, l|=-18mA 


-1.2 


V 


Except B port 


Vcc = 4.5 V, l| = -40 mA 


-0.5 


V 


VOH 


AO port 


V C C = 4.5V 


Iqh = -1 rnA 




V 


IOH = -3mA 


2.5 3.3 


vol 


AO port 


V C C = 4.5 V 


Iql = 20 mA 




V 


Iql = 24 mA 


0.35 0.5 


Bport 


V C C = 4-5 V 


lOL = 80 mA 


0.75 1.1 


Iql = 100 mA 


1.15 


ii 


Except B port 


VCC = 5.5 V, V| = 5.5 V 


50 


uA 


l|H* 


Except B port 


V C C = 5-5 V, V| = 2.7 V 


50 


uA 


hL* 


Except B port 


Vcc = 5.5 V, V| = 0.5 V 


-50 


uA 


Bportt 


Vcc = 5-5 V, V| = 0.75 V 


-100 


'OH 


Bport 


V C C = 0 to 5.5 V, V 0 = 2.1V 


100 


|iA 


'OZH 


AO port 


V C C = 5-5 V, V 0 = 2.7 V 


50 




'OZL 


AO port 


Vcc = 5-5 V, Vq = 0.5 V 


-50 


|iA 


ios§ 


AO port 


Vcc = 5-5 V, Vo = 0 


-30 -150 


mA 


'cc 


Al port to B port 


V C C = 5.5V, l O = 0 


25 


mA 


B port to AO port 


65 


Outputs disabled 




Ci 


Al port and control inputs 


V|=VccorGND 




pF 


C 0 


AO port 


Vo = Vcc or GN° 




pF 


Cjo 


B port per P1 194.0 


Vcc = 0 to 4.5 V 


6 


pF 


Vcc = 4-5 V to 5.5 V 


5 



t All typical values are at Vcc = 5 V, T A = 25°C. 

$ For I/O ports, the parameters I|h and l||_ include the off-state output current. 

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
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SN74FB2041 

7-BIT TTL/BTL TRANSCEIVER 



NOVEMBER 1991 - REVISED JULY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 5V, 
T A = 25°C 


MIN MAX 


UNIT 


MIN TYP MAX 


tPLH 


Al 


B 


3.9 




ns 


tPHL 


3.6 




tPLH 


B 


AO 


3.8 




ns 


tPHL 


3.8 




tPLH 


OEB 


B 


4.8 




ns 


tpHL 


4.3 




tPLH 


OEB 


B 


4.2 




ns 


tPHL 


O.O 




tpZH 


OEA 


AO 


Q 
O 




ns 


tpZL 


3 




tPHZ 


OEA 


AO 


3.3 




ns 


tPLZ 


2.6 




tsk(p) 


Skew for any single channel 
I tPHL - tPLH I 


Al to B or B to AO 




0.75 


ns 


*sk(o) 


Skew between drivers 
in the same package 


Al to B or B to AO 


1 1.5 


2 


ns 


tt 


Transition time, B outputs (1 .3 V to 1 .8 V) 


2 


1 3 


ns 


tPR 


B-port input pulse rejection 




1 


ns 



live insertion specifications over recommended operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


ICC (BIAS V C c) 


VCC = 0 t0 4.5 V 


V B = 0 to 2 V, V| (BIAS V C c) = 4-5 V to 5.5 V 


450 




Vcc = 4.5 V to 5.5 V 


10 


vo 


Bport 


V C C = 0. V| (BIAS V C c) = 4-5 V to 5.5 V 


1.62 2.1 


V 


"O 


B port 


Vcc = 0 . V B = 1 V, V| (BIAS Vcc) = 4.5 V to 5.5 V 


-1 


LiA 


Vcc = 0 to 5.5 V, OEB = 0 to 0.8 V 


100 


Vcc = 0 ^ 2 - 2 V, OEB = 0 to 5 V 


100 
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SN74FB2041 
7-BIT TTL/BTL TRANSCEIVER 
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PARAMETER MEASUREMENT INFORMATION 

2.1 V 



From Output 
Under Test 



C L = 50 pF -J^ 
(see Note A) 



500 Q 



S1/ 



7V 



O Open 



500 Q 



16.5 Q, 



From Output . 
Under Test 



30 pF 
(see Note A) 



Test 
Point 



TEST 


S1 


tPLH'tPHL 
tPLZ/tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR A OUTPUTS 



LOAD CIRCUIT FOR B OUTPUTS 



Input 
(see Note B) 



Output 




tPHL 



VOH 



VOL 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (A to B) 



Input 
(see Note B) 



tPHL 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (B to A) 



Output 
Control 
(see Note B) 



IPZL- 



Output 
S1 at 7 V 
(see Note C) 



\1.5V / 1.5 V 
L 



tPHZ |«- 



3 V 



0V 



3.5 V 



,3 V 

vol 



tpZH-H ^~ 



Output 
(see Note C) 



JaIm \vo 



- V 0 H 
V O H-0.3V 

- ~ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES (A port) 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: TTL Inputs - PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, 
tf < 2.5 ns. BTL Inputs - PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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General Information 



1 





2 


ABT Widebus™ 


T 






5 


ABT Memory Drivers 


6 


ABT 25-ft Incident-Wave Switching Drivers 


E 

E3 


Futurebus + /BTL Transceivers 


ABT JTAG/IEEE 1149.1 


9 


LVT JTAG/IEEE 1149.1 


10 


LVT Octals 


11 


LVT Widebus™ 


12 


LVT Memory Drivers 


13 


LVT/GTL Widebus™ 


14 


Application Notes and Articles 


15 


ABT Characterization Information 


16 


Mechanical Data 


17 
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ABT JTAG/IEEE 1149.1 



Features 

Compatibility with IEEE Standard 
1149.1-1990 (JTAG) test access port 
(TAP) and boundary-scan architecture 

EPIC-IIB™ submicron process technology 

Sub-6-ns maximum propagation delays 

Octal and Widebus™ availability 

EIAJ TSSOP, JEDEC SSOP, and EIAJ 
TQFP fine-pitch surface-mount packaging 

Bus-hold circuitry ('ABT18XXXA devices 
only) 

18- and 20-bit UBT™ architectures 

Additional SCOPE™ instructions available 
such as: 

- Parallel Signature Analysis (PSA) 

- Pseudo-Random Pattern Generation 
(PRPG) 

Test-mode or normal-mode operation 

Members of the Texas Instruments 
SCOPE™ family of testability products 

Tl has established an alternate source 



Benefits 

• Facilitate testing of complex circuit board 
assemblies via a 4-wire test access port 

• High-performance, low-power, high-drive, 
low-noise equivalents of standard ABT 
buffers/drivers/transceivers 

• No system throughput or cycle time 
penalty for boundary-scan implementation 

• Functional equivalents to standard ABT 
devices offer system and test designers 
flexible integration options 

• Save valuable board space 

• Reduce component count by eliminating 
need for external pullup or pulldown 
resistors on I/O pins configured as inputs 
left unused or floating 

• Advanced integration, as one UBT™ can 
replace nearly all common bus-interface 
logic 

• Built-in self-test feature allows easy 
upgrade for advanced JTAG test 
applications 

• IEEE Standard 1149.1-1990 protocol can 
be bypassed for applications not requiring 
boundary scan 

• Compatible with complete line of 
system-level test products including 
controllers, bus- monitors, scan path 
linkers, scan path selectors, 
application-specific products, and very 
large-scale integration products 

• Standardization that comes from a 
common product approach 



The following table lists ABT JTAG/IEEE 1149.1 devices currently being evaluated for market 
introduction. Customers interested in learning more about Tl's plans for these devices should contact 
the Advanced System Logic Marketing hotline at (214) 997-5202. 



DEVICE 


PIN COUNT 


DESCRIPTION 


'ABT8240 


24 


Scan Test Device With Octal Driver 


'ABT8244 


24 


Scan Test Device With Octal Buffer 


'ABT8373 


24 


Scan Test Device With Octal Latch 


'ABT8374 


24 


Scan Test Device With Octal Flip-Flop 


'ABT18640 


56 


Scan Test Device With 18-Bit Inverting Bus Transceiver 



Information regarding the tap control state diagram, signal descriptions, and other related 
JTAG/IEEE 1149.1 information is similar for the 'ABT18245, 'ABU 8502A, 'ABT18504A, 
'ABT1 8646A, and 'ABT1 8652A. Therefore, this information will only be provided in the data sheet for 
the , ABT18245. Please contact your local Tl sales representative for further information. 



DEVICE 


DESCRIPTION 


AVAILABILITY 


'ABT8245 


8-Bit Bus Transceiver 


Now 


'ABT8543 


8-Bit Latched Transceiver 


Now 


'ABT8646 


8-Bit Transceiver and Register 


Now 


'ABT8652 


8-Bit Transceiver and Register 


Now 


'ABT8952 


8-Bit Clocked Transceiver 


Now 


'ABT18245 


1 8-Bit Bus Transceiver 


Now 


, ABT18502 


1 8-Bit Universal Bus Transceiver 


Now 


'ABT18502At 


18-Bit Universal Bus Transceiver 


1Q94 


, ABT18504 


20-Bit Universal Bus Transceiver 


Now 


'ABT18504A1* 


20-Bit Universal Bus Transceiver 


1Q94 


'ABT18646 


1 8-Bit Transceiver and Register 


Now 


, ABT18646At 


1 8-Bit Transceiver and Register 


1Q94 


'ABT18652 


1 8-Bit Transceiver and Register 


Now 


'ABT18652At 


1 8-Bit Transceiver and Register 


1Q94 



tWith the exception of the 'ABT18245, the 'ABT18XXX family is being 
redesigned in order to enhance test mode as well as normal mode operation. 
As such, the 'ABT1 8XXXA devices are recommended for new designs and the 
data sheets for these devices are provided in this data book. Please note that 
the AC parameters shown are from the 'ABT1 8XXX device data sheets and 
serve as preliminary information design goals for the 'ABT1 8XXXA devices. 
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SN54ABT8245, SN74ABT8245 
SCAN TEST DEVICES WITH 
OCTAL BUS TRANSCEIVERS 

SCBS124A - D4505, AUGUST 1 992 - REVISED AUGUST 1 993 



Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 
and Boundary-Scan Architecture 
Functionally Equivalent to SN54/74F245 
and SN54/74ABT245 in the Normal 
Function Mode 

SCOPE ™ Instruction Set: 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, and 
P1 149.1 A CLAMP and HIGHZ 

- Parallel Signature Analysis at Inputs 
With Masking Option 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Even-Parity Opcodes 

Two Boundary-Scan Cells per I/O for 
Greater Flexibility 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Package Options Include Plastic 
Small-Outline Packages, Ceramic Chip 
Carriers, and Standard Ceramic DIPs 



description 



SN54ABT8245 . . . JT PACKAGE 
SN74ABT8245 . . . DW PACKAGE 
(TOP VIEW) 




SN54ABT8245 . . . FK PACKAGE 
(TOP VIEW) 



CO ^ 1/5 O 

< < < z 



o 

> < < 



A2 ] 5 
A1 ] 6 
] 



OE 
NC 
DIR 
B1 
B2 



4 3 2 



28 27 26 



7 

]8 

]9 
]10 

]11 



12 13 14 15 16 17 18 



25[ A8 
24[ TDI 
23[ TCK 
22[ NC 
21 [ TMS 
20[ TDO 
19[ B8 



CO ^ Q 
CD CQ 2 
O 



O 



LO CO h- 

CQ CO CD 



NC - No internal connection 



The SN54ABT8245 and SN74ABT8245 scan test 
devices with octal bus transceivers are members 
of the Texas Instruments SCOPE™ testability IC 
family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate 
testing of complex circuit board assemblies. Scan 
access to the test circuitry is accomplished via the 
4-wire test access port (TAP) interface. 

In the normal mode, these devices are functionally equivalent to the SN54/74F245 and SN54/74ABT245 octal 
bus transceivers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing 
at the device pins or to perform a self test on the boundary test cells. Activating the TAP in normal mode does 
not affect the functional operation of the SCOPE™ octal bus transceivers. 

Data flow is controlled by the direction-control (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus depending upon the logic level at DIR. The 
output-enable (OE) input can be used to disable the device so that the buses are effectively isolated. 

In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is 
enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform 
boundary scan test operations as described in IEEE Standard 1149.1-1990. 



SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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description (continued) 

Four dedicated test pins are used to control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform other 
testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54ABT8245 is characterized for operation over the full military temperature range of - 55°C to 1 25°C. 
The SN74ABT8245 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(normal mode) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 
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^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT8245, SN74ABT8245 
SCAN TEST DEVICES WITH 
OCTAL BUS TRANSCEIVERS 

SCBS1 24A - D4505, AUGUST 1 992 - REVISED AUGUST 1 993 



functional block diagram 



OE 



24 



DIR 



A1 



23 



TDI 



vcc< 

141 



V C C< 
121 



TMS- 



TCK 



Boundary-Scan Register 



ton 



One of Eight Channels 



Bypass Register 



Boundary-Control 
Register 



B1 



Instruction Register 



TAP 
Controller 



TDO 



Pin numbers shown are for the DB, DW, and JT packages. 
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Terminal Functions 


PIN NAME 


DESCRIPTION 


A1 - A8 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B8 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


LNrt 


Normal-function direction-control input. See function table for normal-mode logic. 


GND 


Ground 


OE 


Normal-function output-enable input. See function table for normal-mode logic. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to the 
test clock. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. The test data input is the serial input for shifting 
data through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1 1 49.1-1 990. The test data output is the serial output for shifting 
data through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. The test mode select input directs the device 
through its test access port (TAP) controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial test information is conveyed by means of a 4-wire test bus or test access port (TAP), that conforms to IEEE 
Standard 1149.1-1990. Test instructions, test data, and test control signals are all passed along this serial test 
bus. The TAP controller monitors two signals from the test bus, namely TCK and TMS. The function of the TAP 
controller is to extract the synchronization (TCK) and state control (TMS) signals from the test bus and generate 
the appropriate on-chip control signals for the test structures in the device. Figure 1 shows the TAP controller 
state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship between the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and three test data registers: a 36-bit boundary-scan register, 
an 11 -bit boundary-control register, and a one-bit bypass register. 



TMS = H 



TMS = L 




Test-Logic-Reset V* 
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TMS = L 



Run-Test/Idle 
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Select-DR-Scan 
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Select-IR-Scan 



TMS = L 



Capture-DR 




> 
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Shift-DR 
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Exit2-DR 



y 
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y 
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Capture-IR 



< 



TMS = L 



Shift-IR 



TMS = H 




/ — V 1 

Exit1-IR V 



TMS = H 



< 



TMS = L 



Pause-IR 



TMS = L 



< 



TMS = H 




TMS = L 



Exit2-IR 



TMS = H 



Update-DR 



TMS = H 



> 



< 



> 



TMS = H 



Update-IR 



TMS = L 



TMS = H 



> 



TMS = L 



Figure 1. TAP Controller State Diagram 
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state diagram description 

The test access port (TAP) controller is a synchronous finite state machine that provides test control signals 
throughout the device. The state diagram is illustrated Figure 1 and is in accordance with IEEE Standard 
1149.1-1990. The TAP controller proceeds through its states based on the level of TMS at the rising edge of 
TCK. 

As illustrated, the TAP controller consists of sixteen states. There are six stable states (indicated by a looping 
arrow in the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can 
retain for consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths though the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 

The state machine is constructed such that the TAP controller will return to the Test- Logic- Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that will force it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'ABT8245, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to 
the binary value 00000000010, which selects the PSA test operation with no input masking. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/ldle state (from Test- Logic- Reset) before executing any test 
operations. The Run-Test/ldle state can also be entered following data register or instruction register scans. 
Run-Test/Idle is provided as a stable state in which the test logic can be actively running a test or can be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select- 1 R-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller will 
exit either of these states on the next TCK cycle. These states are provided to allow the selection of either data 
register scan or instruction register scan. 

Capture-DR 

When a data register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least significant bit of the selected data register. 
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state diagram description (continued) 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK upon which the TAP controller exits the Shift-DR state. 

Exit1-DR, Exit2-DR 

The Exitl -DR and Exit2-DR states are temporary states used to end a data register scan. It is possible to return 
to the Shift-DR state from either Exitl -DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exitl -DR, TDO goes from the active state to the high-impedance 
state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state provides the capability of suspending and resuming data register scan 
operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK following entry to the Update-DR state. 

Capture-IR 

When an instruction register scan is selected, the TAP controller must pass through the Capture-IR state. In the 
Capture-IR state, the instruction register captures its current status value. This capture operation occurs on the 
rising edge of TCK upon which the TAP controller exits the Capture-IR state. 

For the 'ABT8245, the status value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK upon which the TAP controller exits the Shift-IR state. 

Exitl -IR, Exit2-IR 

The Exitl -IR and Exit2-IR states are temporary states used to end an instruction register scan. It is possible to 
return to the Shift-IR state from either Exitl -IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exitl -IR, TDO goes from the active state to the high-impedance 
state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain indefinitely. 
The Pause-IR state provides the capability of suspending and resuming instruction register scan operations 
without loss of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass register, any test register can be thought of as a serial shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and is used to tell the device what instruction is to be executed. 
Information contained in the instruction includes the mode of operation (either normal mode, in which the device 
performs its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the 
test operation to be performed, which of the three data registers is to be selected for inclusion in the scan path 
during data register scans, and the source of data to be captured into the selected data register during 
Capture-DR. 

Table 3 lists the instructions supported by the 'ABT8245. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value will be 
shifted out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the 
value that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is 
updated, and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is 
reset to the binary value 11111111, which selects the BYPASS instruction. 

The instruction register order of scan is illustrated in Figure 2. 





Bit 7 




























BitO 


TDI — ► 


Parity 
(MSB) 


— ► 


Bit 6 


— ► 


Bit 5 


— ► 


Bit 4 


— ► 


Bit 3 


— ► 


Bit 2 


— ► 


Bit 1 


— ► 


(LSB) 



Figure 2. Instruction Register Order of Scan 



"4? Texas 
Instruments 

9-12 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT8245, SN74ABT8245 
SCAN TEST DEVICES WITH 
OCTAL BUS TRANSCEIVERS 

SCBS124A - D4505, AUGUST 1 992 - REVISED AUGUST 1 993 



data register description 
boundary-scan register 

The boundary-scan register (BSR) is 36 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, two BSCs for each normal-function I/O pin (one for input data and one for output data), 
and one BSC for each of the internally decoded output-enable signals (OEA and OEB). The BSR is used 1 ) to 
store test data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the 
device output pins, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic 
and/or externally at the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0. 

When external data is to be captured, the BSCs for signa ls OEA and OEB capture logic values determined by 
the following positive-logic equations: OEA = OE • DIR. and OEB = OE • DIR. When data is to be applied 
externally, these BSCs control the drive state (active or high-impedance) of their respective outputs. 

The boundary-scan register order of scan is from TDI through bits 35-0 to TDO. Table 1 shows the 
boundary-scan register bits and their associated device pin signals. 



Table 1 . Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


35 


OEB 


31 


B8-I 


23 


B8-0 


15 


A8-I 


7 


A8-0 


34 


OEA 


30 


B7-I 


22 


B7-0 


14 


A7-I 


6 


A7-0 


33 


DIR 


29 


B6-I 


21 


B6-0 


13 


A6-I 


5 


A6-0 


32 


OE 


28 


B5-I 


20 


B5-0 


12. 


A5-I 


4 


A5-0 






27 


B4-I 


19 


B4-0 


11 


A4-I 


3 


A4-0 






26 


B3-I 


18 


B3-0 


10 


A3-I 


2 


A3-0 






25 


B2-I 


17 


B2-0 


9 


A2-I 


1 


A2-0 






24 


B1-I 


16 


B1-0 


8 


A1-I 


0 


A1-0 



boundary-control register 

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
pseudo-random pattern generation (PRPG), parallel signature analysis (PSA) with input masking, and binary 
count up (COUNT). Table 4 shows the test operations that are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 0000000001 0, which selects the PSA test operation with no input masking. 

The boundary-control register order of scan is from TDI through bits 10-0 to TDO. Table 2 shows the 
boundary-control register bits and their associated test control signals. 
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data register description (continued) 



Table 2. Boundary-Control Register Configuration 



BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


10 


MASK8 


6 


MASK4 


2 


OPCODE2 


9 


MASK7 


5 


MASK3 


1 


OPCODE1 


8 


MASK6 


4 


MASK2 


0 


OPCODE0 


7 


MASK5 


3 


MASK1 







bypass register 

The bypass register is a one-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is illustrated in 
Figure 3. 





BitO 




► 


► 



Figure 3. Bypass Register Order of Scan 



Table 3. Instruction Register Opcodes 



BINARY CODEt 
BIT7-+BIT0 
MSB -» LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


INTEST 


Boundary scan 


Boundary scan 


Test 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


, Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8245. 
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instruction register opcode description 

The instruction register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 

boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The 
boundary-scan register is selected in the scan path. Data appearing at the device input pins is captured in the 
input BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data 
that has been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data that 
has been scanned into the output BSCs is applied to the device output pins. The device operates in the test 
mode. 

bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The 
boundary-scan register is selected in the scan path. Data appearing at the device input pins is captured in the 
input BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The 
device operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE P1 149.1 A HIGHZ instruction. The bypass register is selected in the scan 
path. A logic 0 value is captured in the bypass register during Capture-DR. The device operates in a modified 
test mode in which all device I/O pins are placed in the high-impedance state, the device input pins remain 
operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE P1 149.1 A CLAMP instruction. The bypass register is selected in the scan 
path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input BSCs is applied 
to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device output pins. The 
device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the boundary-control register 
is executed during Run-Test/ldle. The five test operations decoded by the boundary-control register are: sample 
inputs/toggle outputs (TOPSIP), pseudo-random pattern generation (PRPG), parallel signature analysis (PSA), 
simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up (PSA/COUNT). 

boundary read 

The boundary-scan register is selected in the scan path. The value in the boundary-scan register remains 
unchanged during Capture-DR. This instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The boundary-scan register is selected in the scan path. All BSCs capture the inverse of their current values 
during Capture-DR. In this way, the contents of the shadow latches can be read out to verify the integrity of both 
shift register and shadow latch elements of the boundary-scan register. The device operates in the normal 
mode. 
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instruction register opcode description (continued) 
boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/ldle and is then updated in the shadow latches and thereby applied to the associated device 
output pins on each falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in 
the input BSCs. The device operates in the test mode. 

boundary-control register scan 

The boundary-control register is selected in the scan path. The value in the boundary-control register remains 
unchanged during Capture-DR. This operation must be performed prior to a boundary run test operation in order 
to specify which test operation is to be executed. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -> BIT 0 
MSB -» LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


X10 


Parallel signature analysis/1 6-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 



boundary-control register opcode description 

The boundary-control register opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test 
operation is performed while the RUNT instruction is executed in the Run-Test/ldle state. The following 
descriptions detail the operation of each BCR instruction and illustrate the associated PSA and PRPG 
algorithms. 

It should be noted, in general, that while the control input BSCs (bits 35-32) are not included in the sample, 
toggle, PSA, PRPG, or COUNT algorithms, the output-enable BSCs (bits 35-34 of the BSR) do control the drive 
state (active or high impedance) of the selected device output pins. It also should be noted that these BCR 
instructions are only valid when the device is operating in one direction of data flow (that is, OEA * OEB). 
Otherwise, the bypass instruction is operated. 

PSA input masking 

Bits 10-3 of the boundary-control register are used to specify device input pins to be masked from PSA 
operations. Bit 1 0 selects masking for device input pin A8 during A-to-B data flow or for device input pin B8 during 
B-to-A data flow. Bit 3 selects masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, 
respectively. Bits intermediate to 1 0 and 3 mask corresponding device input pins in order from most significant 
to least significant, as indicated in Table 3. When the mask bit which corresponds to a particular device input 
has a logic 1 value, the device input pin is masked from any PSA operation, meaning that the state of the device 
input pin is ignored and has no effect on the generated signature. Otherwise, when a mask bit has a logic 0 value, 
the corresponding device input is not masked from the PSA operation. 
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boundary-control register opcode description (continued) 
sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs 
on each rising edge of TCK. This data is then updated in the shadow latches of the selected input BSCs and, 
thereby, applied to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected 
output BSCs is toggled on each rising edge of TCK and is then updated in the shadow latches and thereby 
applied to the associated device output pins on each falling edge of TCK. 

pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK and then updated in the shadow latches and thereby applied to the associated device output pins on 
each falling edge of TCK. This data is also updated in the shadow latches of the selected input BSCs and, 
thereby, applied to the inputs of the normal on-chip logic. Figures 4 and 5 illustrate the 16-bit linear-feedback 
shift-register algorithms through which the patterns are generated. An initial seed value should be scanned into 
the boundary-scan register prior to performing this operation. Note that a seed value of all zeroes will not 
produce additional patterns. 
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boundary-control register opcode description (continued) 
parallel signature analysis (PSA) 

Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is then updated in the shadow 
latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. Data in the 
shadow latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 6 
and 7 illustrate the 1 6-bit linear-feedback shift-register algorithms through which the signature is generated. An 
initial seed value should be scanned into the boundary-scan register prior to performing this operation. 
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Figure 6. 16-Bit PSA Configuration (OEA = 0, OEB = 1) 
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boundary-control register opcode description (continued) 
simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. At 
the same time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output 
BSCs on each rising edge of TCK and then updated in the shadow latches and, thereby, applied to the 
associated device output pins on each falling edge of TCK. Figures 8 and 9 illustrate the 8-bit linear-feedback 
shift-register algorithms through which the signature and patterns are generated. An initial seed value should 
be scanned into the boundary-scan register prior to performing this operation. Note that a seed value of all 
zeroes will not produce additional patterns. 
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Figure 8. 8-Bit PSA/PRPG Configuration (OEA = 0, OEB = 1) 
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boundary-control register opcode description (continued) 
simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. At 
the same time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output 
BSCs on each rising edge of TCK and then updated in the shadow latches and, thereby, applied to the 
associated device output pins on each falling edge of TCK. In addition, the shift-register elements of the opposite 
output BSCs are used to count carries out of the selected output BSCs and, thereby, extend the count to 1 6 bits. 
Figures 10 and 11 illustrate the 8-bit linear-feedback shift-register algorithms through which the signature is 
generated. An initial seed value should be scanned into the boundary-scan register prior to performing this 
operation. 
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Figure 10. 8-Bit PSA/COUNT Configuration (OEA = 0, OEB = 1) 
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timing description 

All test operations of the 'ABT8245 are synchronous to the test clock (TCK). Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as illustrated in 
Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is illustrated in Figure 12. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction register scan 
and one data register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 explains 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/ldle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture- 1 R 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 1 3, TMS is changed to a logic 1 value to end the instruction register scan 
on the next TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR 
toExitMR. 


14 


Exitl-IR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 12. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc ■ ■■■ -0.5Vto7V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q\ SN54ABT8245 96 mA 

SN74ABT8245 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■ ■ ■ -5° mA 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied/Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

recommended operating conditions (see Note 2) 







SN54ABT8245 


SN74ABT8245 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage \ 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


• 85 


°c 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT8245 


SN74ABT8245 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V, K 


Vcc = 4.5V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5V, l 0 H=-3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, l 0 H = -3mA 


3 


3 


3 


Vcc = 4.5V, l 0 H = -24mA 


2 


2 




Vcc = 4-5 V, Ioh = - 32 mA 


2* 




2 


vol 


Vcc = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5-5V, 
V| = V C c or GND 


DIR, OE, TCK 


±1 


±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


l|H 


Vcc = 5.5 V, V| = V C C 


TDI.TMS 


10 


10 


10 


uA 


IlL 


VCC = 5 5 V, V| = GND 


TDI, TMS 


-160 


-160 


-160 


uA 


"OZH § 


VCC = 5.5 V, V 0 = 2.7 V 


50 


50 


50 


uA 


>OZL§ 


V C C = 5.5 V, V 0 = 0.5 V 


-50 


-50 


-50 


uA 


'off 


Vcc = °. v | or Vq < 5.5 V 


+100 




±100 


uA 


'CEX 


Vcc = 5.5 V, V 0 = 5.5V | Outputs high 


50 


50 


50 


uA 




VCC = 5-5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


>cc 


Vcc = 5.5 V, 

io = o. 

V| = Vcc or GND 


A or B 
ports 


Outputs high 


0.9 2 


2 


2 


mA 


Outputs low 


30 38 


38 


38 


Outputs disabled 


0.9 2 


2 


2 


AI C C # 


Vcc = 5 -5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5Vor 0.5 V 


Control inputs 


3 






PF 


Qo 


V 0 = 2.5 V or 0.5 V 


A or B ports 


10 






pF 


Co 


Vq = 2.5 V or 0.5 V 


TDO 


8 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH an d 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 





SN54ABT8245 


SN74ABT8245 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TGK high or low 


5 


5 


ns 


t su Setup time 


A or B or DIR or OE before TCKt 


7 


5 


ns 


TDI before TCKt 


6 


6 


TMS before TCKt 


6 


6 


t n Hold time 


A or B or DIR or OE after TCKt 


0 


0 


ns 


TDI after TCKt 


0 


0 


TMS after TCKt 


o 


0 


t(j Delay time 


Power up to TCKt 


50 


50 


ns 


t r Rise time 


Vcc power up 


1 


1 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT8245 


SN74ABT8245 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A or B 


Bor A 


2 


3.5 


4.3 


2 


5.8 


2 


4.8 


ns 


tPHL 


2 


3.4 


4.2 


2 


5.5 


2 


5.1 


tpZH 


OE 


Bor A 


2.5 


4.5 


5.5 


2.5 


6.9 


2.5 


6.8 


ns 


tpZL 


3 


5.2 


6 


3 


8.1 


3 


7.5 


tPHZ 


OE 


Bor A 


3 


6.1 


7.1 


3 


8.9 


3 


8.4 


ns 


tPLZ 


3 


5.5 


6,6 


3 


8 


3 


7.5 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT8245 


SN74ABT8245 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 


TCK 




50 


90 




50 


50 


MHz 


tpi_H 


TCK-i- 


A or B 


3.5 


8 


9.5 


3.5 


12.5 


3.5 


12 


ns 


tPHL 


3 


7.7 


9 


3 


12 


3 


11.5 


tPLH 


TCK4 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


2.5 


6.5 


ns 


tPHL 


2.5 


4.2 


5.5 


2.5 


7 


2.5 


6.5 


tpZH 


TCK1 


AorB 


4.5 


8.2 


9.5 


4.5 


12.5 


4.5 


12 


ns 


tpZL 


4.5 


9 


10.5 


4.5 


13.5 


4.5 


13 


tpZH 


TCKsl 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


2.5 


6.5 


ns 


tpZL 


2.5 


4.9 


6 


2.5 


7.8 


2.5 


7 


tPHZ 


TCKl 


AorB 


3.5 


8.4 


10.5 


3.5 


14.2 


3.5 


13.5 


ns 


tPLZ 


3 


8 


10.5 


3 


13.5 


3 


13 


tPHZ 


TCKi 


TDO 


3 


5.9 


7 


2 


9 


3 


8.5 


ns 


tPLZ 


3 


5 


6.5 


3 


8 


3 


7.5 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



50012 

—AAA/ — 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLlVtPHL 
tPLZ'tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— \y \t — 

Input 1.5 V ft A 1 " 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



th 



}<i. 5V y^r 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



K i5v 



3 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



x X 15V ^ 



tpzL -*| k- 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



I | tpHZ 

tpzH-^i r 4- - 



h0.3 V 



3V 
0V 

3.5 V 

vol 



« 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 13. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

Functionally Equivalent to SN54/74F543 
and SN54/74ABT543 in the Normal 
Function Mode 
SCOPE ™ Instruction Set: 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, and 
P1149.1A CLAMP and HIGHZ 

- Parallel Signature Analysis at Inputs 
With Masking Option 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Even-Parity Opcodes 

Two Boundary-Scan Cells per I/O for 
Greater Flexibility 

State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Package Options Include Plastic 
Small-Outline and Shrink Small-Outline 
Packages, Ceramic Chip Carriers, and 
Standard Ceramic DIPs 



SN54ABT8543 . . . JT PACKAGE 
SN74ABT8543 . . . DL OR DW PACKAGE 
(TOP VIEW) 



LEAB [ 1 
CEAB [ 2 
OEAB[ 3 
A1 [ 4 
A2[ 5 
A3[ 6 
GND[ 7 
A4[ 8 
A5[ 9 
A6[ 10 
A7[ 11 
A8[ 12 
TDO[ 13 
TMS[ 14 



28 ] LEBA 
27] CEBA 
26 ] OEBA 
25 ] B1 
24 ] B2 
23]B3 
22 ] B4 
21 ] V cc 
20 ] B5 
19] B6 
18]B7 
17 ] B8 
16 ]TDI 
15 ] TCK 



SN54ABT8543 . . . FK PACKAGE 
(TOP VIEW) 
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description 



CEBA ] 6 
LEBA ] 7 
LEAB ] 8 
CEAB ] 9 
OEAB ] 10 
A1 ] 11 



12 13 14 15 16 17 18 

nnnnnnn 



24[ B8 
23[ TDI 
22 [ TCK 
21 [ TMS 
20[ TDO 
19[ A8 



w co q ^ m CD N 
< < z < < < < 
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The SN54ABT8543 and SN74ABT8543 scan test 
devices with octal registered bus transceivers are 
members of the Texas Instruments SCOPE™ 
testability IC family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 

In the normal mode, these devices are functionally equivalent to the SN54/74F543 and SN54/74ABT543 octal 
registered bus transceivers. The test circuitry can be activated by the TAP to take snapshot samples of the data 
appearing at the device pins or to perform a self test on the boundary test cells. Activating the TAP in normal 
mode does not affect the functional operation of the SCOPE™ octal registered bus transceivers. 



Data flow in ea ch direc tion i s contr olled by latch-enable (LEAB and LEBA), chip-enable (CEAB and CEBA), and 
outpu t-enab le ( OEAB a nd OEBA) inputs. For A-t o-B da ta flow, th e device operates in the transparent mode 
when LEAB and CEAB are both lo w. When either LEAB or C EAB is hig h, the A data is latched. The B outputs 
are active when OEAB and CEAB are both low. When either OEAB or CEAB is hig h, the B outpu ts ar e in the 
high-impedance state. Control for B-to-A data flow is similar to that for A-to-B but uses LEBA, CEBA, and OEBA. 



SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1993, Texas Instruments Incorporated 
DATA information current as of publication date. Products conform to 

specifications per the terms of Texas Instruments standard warranty. wm*9 Tfc'V AC* 

Production processing does not necessarily include testing of all \f I r.XAN 
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description (continued) 

In the test mode, the normal operation of the SCOPE™ registered bus transceiver is inhibited and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can 
perform boundary scan test operations as described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform other 
testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54ABT8543 is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The SN74ABT8543 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 


CEAB 


OEAB 


LEAB 


A 


B 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


L 


L 


H 


X 




L 


H 


X 


X 


Z 


H 


X 


X 


X 


z 



t A-to-B data flow is shown. B-to-A data flow is similar but 



uses CEBA, OEBA, and LEBA. 
$ Output level before the indicated steady-state input 
conditions were established. 
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functional block diagram 



OEBA 



CEBA 



LEBA 



26 



27 



28 



OEAB 



CEAB 



LEAB 



A1 



Boundary-Scan Register 




^3 



C1 
1D 



C1 
1D 



One of Eight Channels 



TMS 



TCK 



25 



B1 




TDO 



Pin numbers shown are for DL, DW, and JT packages. 
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Terminal Functions 


PIN NAME 


DESCRIPTION 


A1-A8 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B8 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CEAB, CEBA 


Normal-function chip-enable inputs. See function table for normal-mode logic. 


GND 


Ground 


LEAB, LEBA 


Normal-function latch-enable inputs. See function table for normal-mode logic. 


OEAB, OEBA 


Normal-function output-enable inputs. See function table for normal-mode logic. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to 
the test clock. Data is captured on the rising edge of TCK, and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1 1 49.1-1 990. The test data input is the serial input for shifting 
data through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. The test data output is the serial output for 
shifting data through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. The test mode select input directs the device 
through its test access port (TAP) controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial test information is conveyed by means of a 4-wire test bus or test access port (TAP), that conforms to IEEE 
Standard 1149.1-1990. Test instructions, test data, and test control signals are all passed along this serial test 
bus. The TAP controller monitors two signals from the test bus, namely TCK and TMS. The function of the TAP 
controller is to extract the synchronization (TCK) and state control (TMS) signals from the test bus and generate 
the appropriate on-chip control signals for the test structures in the device. Figure 1 shows the TAP controller 
state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship between the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and three test data registers: a 40-bit boundary-scan register, 
an 1 1 -bit boundary-control register, and a one-bit bypass register. 



TMS = H 



TMS = L 




Test-Logic-Reset Y+ 



> 



TMS = L 



Run-Test/ldle 



>TMS = H y 



Select-DR-Scan 



> 



TMS = H 



< 



Select-IR-Scan 



TMS = L 



Capture-OR 




y 



TMS = H TMS = H 



TMS = L 



Shift-DR 
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TMS = H 



Exit1-DR 




> 



TMS = L 



Pause-DR 



> 



TMS = H 



Exit2-DR 



y 



TMS = L 



< 



> 



TMS = H 



TMS = L 



Capture-IR 



< 



> 



TMS = L 



Shift-IR 



< 



TMS = H 




TMS = L 



Exitl-IR 



< 



y 



TMS = H 



TMS = L 



Pause-IR 



TMS = L 



TMS = H 




TMS = L 



^ Exit2-IR ^ 



TMS = H 



Update-DR 



TMS = H 



> 



TMS = H 



Update-IR 



TMS = L 



TMS = H 



> 



TMS = L 



Figure 1. TAP Controller State Diagram 
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state diagram description 

The test access port (TAP) controller is a synchronous finite state machine that provides test control signals 
throughout the device. The state diagram is illustrated in Figure 1 and is in accordance with IEEE Standard 
1149.1-1990. The TAP controller proceeds through its states based on the level of TMS at the rising edge of 
TCK. 

As illustrated, the TAP controller consists of sixteen states. There are six stable states (indicated by a looping 
arrow in the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can 
retain for consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths though the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 

The state machine is constructed such that the TAP controller will return to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that will force it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'ABT8543, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to 
the binary value 00000000010, which selects the PSA test operation with no input masking. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state can also be entered following data register or instruction register scans. 
Run-Test/ldle is provided as a stable state in which the test logic can be actively running a test or can be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller will 
exit either of these states on the next TCK cycle. These states are provided to allow the selection of either data 
register scan or instruction register scan. 

Capture-DR 

When a data register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
* Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK upon which the TAP controller exits the Capture-DR 
state. 



Shift-DR 



Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK upon which the TAP controller exits the Shift-DR state. 



Texas 
Instruments 

9-32 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT8543, SN74ABT8543 
SCAN TEST DEVICES WITH 
OCTAL REGISTERED BUS TRANSCEIVERS 

SCBS120B - D4509, AUGUST 1991 - REVISED AUGUST 1993 



state diagram description (continued) 
Exit1-DR, Exit2-DR 

The Exitl -DR and Exit2-DR states are temporary states used to end a data register scan. It is possible to return 
to the Shift-DR state from either Exitl -DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exitl -DR, TDO goes from the active state to the high-impedance 
state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state provides the capability of suspending and resuming data register scan 
operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK following entry to the Update-DR state. 

Capture-IR 

When an instruction register scan is selected, the TAP controller must pass through the Capture-IR state. In the 
Capture-IR state, the instruction register captures its current status value. This capture operation occurs on the 
rising edge of TCK upon which the TAP controller exits the Capture-IR state. 

For the 'ABT8543, the status value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK upon which the TAP controller exits the Shift-IR state. 

Exit1-IR, Exit2-IR 

The Exitl -IR and Exit2-IR states are temporary states used to end an instruction register scan. It is possible to 
return to the Shift-IR state from either Exitl -IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exitl -I R, TDO goes from the active state to the high-impedance 
state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain indefinitely. 
The Pause-IR state provides the capability of suspending and resuming instruction register scan operations 
without loss of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK following entry to the Update-IR 
state. 
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register overview 

the parity With the exception of the bypass register, any test register can be thought of as a serial shift register 
with a shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 



instruction register description 

The instruction register (IR) is eight bits long and is used to tell the device what instruction is to be executed. 
Information contained in the instruction includes the mode of operation (either normal mode, in which the device 
performs its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the 
test operation to be performed, which of the three data registers is to be selected for inclusion in the scan path 
during data register scans, and the source of data to be captured into the selected data register during 
Capture-DR. 

Table 3 lists the instructions supported by the 'ABT8543. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 10000001 . As an instruction is shifted in, this value will be 
shifted out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the 
value that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is 
updated, and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is 
reset to the binary value 11111111, which selects the BYPASS instruction. 

The instruction register order of scan is illustrated in Figure 2. 



Bit 7 




























Parity 


— ► 


Bit 6 


— ► 


Bit 5 


— ► 


Bit 4 


— ► 


Bit 3 


— ► 


Bit 2 




Bit 1 


— ► 


(MSB) 





























Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 40 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, two BSCs for each normal-function I/O pin (one for input data and one for output data), 
and one BSC for each of the internally decoded output-enable signals (OEA and OEB). The BSR is used 1 ) to 
store test data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the 
device output pins, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic 
and/or externally at the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0. 

When external data is to be captured, the BS Cs for signals O EA and OEB capture logic va lues determined by 
the following positive-logic equations: OEA = OEBA + CEBA, and OEB = OEAB + CEAB. When data is to be 
applied externally, these BSCs control the drive state (active or high-impedance) of their respective outputs. 

The boundary-scan register order of scan is from TDI through bits 39-0 to TDO. Table 1 shows the 
boundary-scan register bits and their associated device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


39 


OEB 


31 


A8-I 


23 


A8-0 


15 


B8-I 


7 


B8-0 


38 


OEA 


30 


A7-I 


22 


A7-0 


14 


B7-I 


6 


B7-0 


37 


OEAB 


29 


A6-I 


21 


A6-0 


13 


B6-I 


5 


B6-0 


36 


OEBA 


28 


A5-I 


20' 


A5-0 


12 


B5-I 


4 


B5-0 


35 


LEAB 


27 


A4-I 


19 


A4-0 


11 


B4-I 


3 


B4-0 


^ 34 


LEBA 


26 


A3-I 


18 


A3-0 


10 


B3-I 


2 


B3-0 


33 


CEAB 


25 


A2-I 


17 


A2-0 


9 


B2-I 


1 


B2-0 


32 


CEBA 


24 


A1-I 


16 


A1-0 


8 


B1-I 


0 


B1-0 



boundary-control register 

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
pseudo-random pattern generation (PRPG), parallel signature analysis (PSA) with input masking, and binary 
count up (COUNT). Table 4 shows the test operations that are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 0000000001 0, which selects the PSA test operation with no input masking. 

The boundary-control register order of scan is from TDI through bits 10-0 to TDO. Table 2 shows the 
boundary-control register bits and their associated test control signals. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



9-35 



SN54ABT8543, SN74ABT8543 

SCAN TEST DEVICES WITH 

OCTAL REGISTERED BUS TRANSCEIVERS 

SCBS1 20B - D4509, AUGUST 1991- REVISED AUGUST 1 993 



data register description (continued) 



Table 2. Boundary-Control Register Configuration 



BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


10 


MASK8 


6 


MASK4 


2 


OPCODE2 


9 


MASK7 


5 


MASK3 


1 


OPCODE1 


8 


MASK6 


4 


MASK2 


0 


OPCODE0 


7 


MASK5 


3 


MASK1 







bypass register 

The bypass register is a one-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is illustrated in 
Figure 3. 





BitO 




» 


► 



Figure 3. Bypass Register Order of Scan 



Table 3. Instruction Register Opcodes 



BINARY CODEt 
BIT 7-+ BITO 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


INTEST 


Boundary scan 


Boundary scan 


Test 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8543. 
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instruction register opcode description 

The instruction register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 

boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The 
boundary-scan register is selected in the scan path. Data appearing at the device input pins is captured in the 
input BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data 
that has been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data that 
has been scanned into the output BSCs is applied to the device output pins. The device operates in the test 
mode. 

bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The 
boundary-scan register is selected in the scan path. Data appearing at the device input pins is captured in the 
input BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The 
device operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE P1 149.1 A HIGHZ instruction. The bypass register is selected in the scan 
path. A logic 0 value is captured in the bypass register during Capture-DR. The device operates in a modified 
test mode in which all device I/O pins are placed in the high-impedance state, the device input pins remain 
operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE P1 1 49.1 A CLAMP instruction. The bypass register is selected in the scan 
path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input BSCs is applied 
to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device output pins. The 
device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the boundary-control register 
is executed during Run-Test/ldle. The five test operations decoded by the boundary-control register are: sample 
inputs/toggle outputs (TOPSIP), pseudo-random pattern generation (PRPG), parallel signature analysis (PSA), 
simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up (PSA/COUNT). 

boundary read 

The boundary-scan register is selected in the scan path. The value in the boundary-scan register remains 
unchanged during Capture-DR. This instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The boundary-scan register is selected in the scan path. All BSCs capture the inverse of their current values 
during Capture-DR. In this way, the contents of the shadow latches can be read out to verify the integrity of both 
shift register and shadow latch elements of the boundary-scan register. The device operates in the normal 
mode. 
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instruction register opcode description (continued) 
boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/Idle and is then updated in the shadow latches and thereby applied to the associated device 
output pins on each falling edge of TCK in Run-Test/ldle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in 
the input BSCs. The device operates in the test mode. 

boundary-control register scan 

The boundary-control register is selected in the scan path. The value in the boundary-control register remains 
unchanged during Capture-DR. This operation must be performed prior to a boundary run test operation in order 
to specify which test operation is to be executed. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -* BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


X10 


Parallel signature analysis/1 6-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 



boundary-control register opcode description 

The boundary-control register opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test 
operation is performed while the RUNT instruction is executed in the Run-Test/Idle state. The following 
descriptions detail the operation of each BCR instruction and illustrate the associated PSA and PRPG 
algorithms. 

It should be noted, in general, that while the control input BSCs (bits 39-32) are not included in the sample, 
toggle, PSA, PRPG, or COUNT algorithms, the output-enable BSCs (bits 39-38 of the BSR) do control the drive 
state (active or high impedance) of the selected device output pins. It also should be noted that these BCR 
instructions are only valid when the device is operating in one direction of data flow (that is, OEA * OEB). 
Otherwise, the bypass instruction is operated. 

PSA input masking 

Bits 10-3 of the boundary-control register are used to specify device input pins to be masked from PSA 
operations. Bit 1 0 selects masking for device input pin A8 during A-to-B data flow or for device input pin B8 during 
B-to-A data flow. Bit 3 selects masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, 
respectively. Bits intermediate to 1 0 and 3 mask corresponding device input pins in order from most significant 
to least significant, as indicated in Table 3. When the mask bit which corresponds to a particular device input 
has a logic 1 value, the device input pin is masked from any PSA operation, meaning that the state of the device 
input pin is ignored and has no effect on the generated signaturei Otherwise, when a mask bit has a logic 0 value, 
the corresponding device input is not masked from the PSA operation. 
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boundary-control register opcode description (continued) 
sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs 
on each rising edge of TCK. This data is then updated in the shadow latches of the selected input BSCs and, 
thereby, applied to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected 
output BSCs is toggled on each rising edge of TCK and is then updated in the shadow latches and thereby 
applied to the associated device output pins on each falling edge of TCK. 

pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK and then updated in the shadow latches and thereby applied to the associated device output pins on 
each falling edge of TCK. This data is also updated in the shadow latches of the selected input BSCs and, 
thereby, applied to the inputs of the normal on-chip logic. Figures 4 and 5 illustrate the 16-bit linear-feedback 
shift-register algorithms through which the patterns are generated. An initial seed value should be scanned into 
the boundary-scan register prior to performing this operation. Note that a seed value of all zeroes will not 
produce additional patterns. 
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boundary-control register opcode description (continued) 
parallel signature analysis (PSA) 

Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is then updated in the shadow 
latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. Data in the 
shadow latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 6 
and 7 illustrate the 1 6-bit linear-feedback shift-register algorithms through which the signature is generated. An 
initial seed value should be scanned into the boundary-scan register prior to performing this operation. 
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boundary-control register opcode description (continued) 
simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. At 
the same time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output 
BSCs on each rising edge of TCK and then updated in the shadow latches and, thereby, applied to the 
associated device output pins on each falling edge of TCK. Figures 8 and 9 illustrate the 8-bit linear-feedback 
shift-register algorithms through which the signature and patterns are generated. An initial seed value should 
be scanned into the boundary-scan register prior to performing this operation. Note that a seed value of all 
zeroes will not produce additional patterns. 
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Figure 8. 8-Bit PSA/PRPG Configuration (OEA = 0, OEB = 1) 
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boundary-control register opcode description (continued) 
simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. At 
the same time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output 
BSCs on each rising edge of TCK and then updated in the shadow latches and, thereby, applied to the 
associated device output pins on each falling edge of TCK. In addition, the shift-register elements of the opposite 
output BSCs are used to count carries out of the selected output BSCs and, thereby, extend the count to 1 6 bits. 
Figures 10 and 11 illustrate the 8-bit linear-feedback shift-register algorithms through which the signature is 
generated. An initial seed value should be scanned into the boundary-scan register prior to performing this 
operation. v 
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timing description 

All test operations of the 'ABT8543 are synchronous to the test clock (TCK). Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as illustrated in 
Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is illustrated in Figure 12. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction register scan 
and one data register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic- Reset state. Table 5 explains 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP 

1 r\w w Inl L 

AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMQ ic ^hanooH tn a lr»nir> fi walim r»n tHa fallinn ar\r%a, r»f TC^VC \r\ Konin arl\/anr>inri tho TAP r»r»ntrr»llor icwsiarri 
i ivio lo oi icu lyeu iu a luyio u vaiuc uii uitj laiiiiiy cuytJ ui i vyi\ iu ucyni ctu vcti ion ly uig i r\r ouiiiiuiici luwaiu 

the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic t value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the I R. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 1 3, TMS is changed to a logic 1 value to end the instruction register scan 
on the next TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR 
toExitMR. 


14 . 


Exitl-IR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select- 1 R-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 12. Timing Example 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc ■ V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT8543 96 mA 

SN74ABT8543 1 28 mA 

Input clamp current, I ik (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ■ ■ ■ ■ ~ 50 mA 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT8543 


SN74ABT8543 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5, 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


,0.8 


0.8 


V 


V| 


Input voltage 


0 , 


v cc 


0 


vcc 


V 


'OH 


High-level output current 


/ -24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°c 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT8543 


SN74ABT8543 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


V C C = 4.5 V, IOH = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, loH = -3mA 


3 


3 


3 


V C C = 4.5 V, IOH = -24mA 


2 


2 




Vcc = 4-5 V, Iqh = - 32 mA 


2t 




2 


vol 


Vcc = 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5.5 V, 
V| = Vcc o r GND 


CE, LE, OE, TCK 


±1 


±1 


±1 


pA 


A or B ports 


±100 


±100 


±100 


l|H 


V C C = 5-5 V, V, = V CC 


TDI, TMS 


10 


.10 


10 


,iA 


IlL 


V C C = 5.5 V, V| = GND 


TDI, TMS 


-160 


-160 


-160 




'OZH § 


VCC = 5-5 V, V 0 = 2.7 V 


50 


50 


50 




'OZL § 


V C C = 5-5 V, V 0 = 0.5 V 


-50 


-50 


-50 


uA 


'off 


Vcc = °> v | or Vq < 5.5 V 


±100 




±100 


uA 


ICEX 


Vcc = 5-5 V, Vq = 5.5 V | Outputs high 


50 


50 


50 


|iA 




Vcc = 5-5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


■cc 


V C C = 5-5V, . 

io = o. 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


0.9 2 


2 


2 


mA 


Outputs low 


30 38 


38 


38 


Outputs disabled 


0.9 2 


2 


2 


Alcc # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


1.5 


1.5 


1.5 


mA 


Ci 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 


Qo 


V 0 = 2.5 V or 0.5 V 


A or B ports 


10 






PF 


C 0 


Vq = 2.5 V or 0.5 V 


TDO 


8 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§The parameters lozH and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 









SN54ABT8543 


SN74ABT8543 


UNIT 








MIN MAX 


MIN MAX 


t w 


Pulse duration 


LEAB or LEBA high or low 


c: 


3 


ns 


*su 


Setup time 


A before LEABt or B before LEBAt 




3 


ns 


th 


Hold time 


A after LEABt or B after LEBAt 


0.5 


0.5 


ns 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 





SN54ABT8543 


SN74ABT8543 


UNIT 


MIN MAX 


MIN MAX 


f clock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 


5 


5 


ns 


t su Setup time 


A or B or CE or LE or OE before TCKt 


5 


5 


ns 


TDI before TCKt 


6 


6 


TMS before TCKt 


6 


6 


th Hold time 


A or B or CE or LE or OE after TCKt 


$ : 


0 


ns 


TDI after TCKt 


0 


0 


TMS after TCKt 


0 


0 


td Delay time 


Power up to TCKt 


50 


50 


ns 


t r Rise time 


Vcc power up 


1 


1 


US 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 



PARAMETER 


FROM 

/iKini nr\ 

(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT8543 


SN74ABT8543 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A or B 


B or A 


2 


3.7 


4.5 


2 


5.5 


2 


5.2 


ns 


tPHL 


1.5 


3.5 


4.4 


1.5 


5.8 


1.5 


5.5 


tPLH 


LEAB or LEBA 


B or A 


2 


4.7 


5.6 


2 


8,1 


2 


7.8 


ns 


tPHL 


1.5 


4.1 


5 


1.5 


7.3 


1.5 


6.9 


IPZH 




B or A 


2 


4.2 


5.2 


2 


7.5 


2 


7.2 


ns 


tpZL 


CEABorCEBA 


2 


4.7 


5.7 


2 


8.4 


2 


8.3 


tPZH 




B or A 


2 


4.4 


5.4 


2 


6.7 


2 


6.5 


ns 


tpZL 


OEAB or OEBA 


2 


5.2 


6.2 


2 


7.6 


2 


7.5 


tPHZ 




B or A 


2.5 


5.8 


6.8 


2.5 


9.1 


2.5 


8.8 


ns 


tPLZ 


CEAB or CEBA 


2.5 


5.3 


6.3 


2.5 


8.7 


2.5 


8 


tPHZ 


OEAB or OEBA 


B or A 


2 


5.9 


6.9 


2 


8.3 


2 


7.9 


ns 


tPLZ 


2 


5.2 


6.2 


2 


7.8 


2 


7.4 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT8543 


SN74ABT8543 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f max 


TCK 




50 


90 




50 


50 


MHz 


tPLH 


TCKi 


A or B 


3.5 


8 


9.5 


3.5 


12.5 


3.5 


12 


ns 


tPHL 


3 


7.7 


9 


3 




3 


11.5 


tPLH 


Tcia 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


2.5 


6.5 


ns 


tPHL 


2.5 


4.2 


5.5 


2.5 


7 


2.5 


6.5 


tpZH 


TCKl 


AorB 


4.5 


8.2 


9.5 


4.5 


12.5 


4.5 


12 


ns ' 


tPZL 


4.5 


9 


10.5 


4.5 


13.5 


4.5 


13 


tpZH 


TCK4- 


TDO 


2.5 


4.3 


5.5 


2,5 


7 


2.5 


6.5 


ns 


tpZL 


2.5 


4.9 


6 


2.5 


7.5 


2.5 


7 


tPHZ 


TCKi 


AorB 


3.5 


8.4 


10.5 


3.5 


14 


3.5 


13.5 


ns 


tPLZ 


3 


8 


10.5 


3 


13.5 


3 


13 


tPHZ 


TCKnI 


TDO 


3 


5.9 


7 


3 


9 


3 


8.5 


ns 


tp L Z 


3 


5 


6.5 


3 


8 


3 


7.5 
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PARAMETER MEASUREMENT INFORMATION 



From Output _ 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 

-A/VV— 



500 a 



7V 



O Open 
9 GND 



TEST 


S1 


tPLHrtPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 ^1.5v" 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



3V 
OV 



3V 
OV 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



ZX 15V XE: 



tPLH *\ 



3 V 
OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



3V 
0V 



3.5 V 



tpZL->| \4— | 

[tPLz-^, h- . 

\l.5V Y 

\ | ( ypL_^.3_v Vql 

I tPHZ -*l i<- 
tpZH"^ |4- 

y^r~ ^°iT-""v voh 



« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. v 

Figure 13. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

Functionally Equivalent to SN54/74F646 
and SN54/74ABT646 in the Normal 
Function Mode 

SCOPE ™ Instruction Set: 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional IN TEST, and 
P1 149.1 A CLAMP and HIGHZ 

- Parallel Signature Analysis at Inputs 
With Masking Option 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Even-Parity Opcodes 

Two Boundary-Scan Cells per I/O for 
Greater Flexibility 

State-of-the-Art EPIC-LIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Package Options Include Plastic 
Small-Outline and Shrink Small-Outline 
Packages, Ceramic Chip Carriers, and 
Standard Ceramic DIPs 



SN54ABT8646 . . . JT PACKAGE 
SN74ABT8646 . . . DL OR DW PACKAGE 
(TOP VIEW) 



clkab[ 


U 

1 


28 




] CLKBA 


SAB[ 


2 


27 


J SBA 


DIR[ 


3 


26 


]OE 


A1[ 


4 


25 


]B1 


A2[ 


5 ■ 


24 


] B2 


A3[ 


6 


23 


] B3 


GND[ 


7 


22 


] B4 


A4[ 


8 


21 


]v cc 


A5[ 


9 


20 


] B5 


A6[ 


10 


19 


] B6 


A7[ 


11 


18 


]B7 


A8[ 


12 


17 


] B8 


TDO[ 


13 


16 


]TDI 


TMS[ 


14 


15 


]tck 



SN54ABT8646 . . . FK PACKAGE 
(TOP VIEW) 

O 

t- CM CO ^ O if) (D 
CO CQ QQ CD > CD CD 



description 



OE ]5 
SBA ]6 
CLKBA ]7 
CLKAB ]8 
SAB ]9 
DIR ]10 
A1 ]11 



4 3 2 



28 27 26 



12 13 14 15 16 17 18 



25[ B7 
24 [ B8 
23[ TDI 
22[ TCK 
21 [ TMS 
20[ TDO 
19[ A8 



CO Q 
< 

CD 



Z < 



If) CO I s - 
< < < 



The SN54ABT8646 and SN74ABT8646 scan test 
devices with octal bus transceivers and registers 
are members of the Texas Instruments SCOPE™ 
testability IC family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 

In the normal mode, these devices are functionally equivalent to the SN54/74F646 and SN54/74ABT646 octal 
bus transceivers and registers. The test circuitry can be activated by the TAP to take snapshot samples of the 
data appearing at the device pins or to perform a self test on the boundary test cells. Activating the TAP in normal 
mode does not affect the functional operation of the SCOPE™ octal bus transceivers and registers. 

Transceiver function is controlled by output-enable (OE) and direction (DIR) inputs. When OE is low, the 
transceiver is active and operates in the A-to-B direction when DIR is high or in the B-to-A direction when DIR 
is low. When OE is high, both the A and B outputs are in the high-impedance state, effectively isolating both 
buses. 



SCOPE and EPIC-HB are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION a# Copyright © 1 993, Texas Instruments Incorporated 

DATA Information current as of publication date. Products conform to 
of Texa 



specifications per the terms of Texas Instruments standard warranty. Ttta/" A 

Production processing does not necessarily include testing of all >f I KXA^ 
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description (continued) 

Data flow is controlled by clock (CLKAB and CLKBA) and select (SAB and SBA) inputs. Data on the A bus is 
clocked into the associated registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data 
is selected for presentation to the B bus (transparent mode). When SAB is high, stored A data is selected for 
presentation to the B bus (registered mode). The function of the CLKBA and SBA inputs mirrors that of CLKAB 
and SAB, respectively. Figure 1 illustrates the four fundamental bus-management functions that can be 
performed with the 'ABT8646. 

In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can 
perform boundary scan test operations as described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform other 
testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54ABT8646 is characterized for operation over the full military temperature range of - 55°C to 125°C. 
The SN74ABT8646 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


X 


X 


t 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


t 


X 


X 


Unspecifiedt 


Input 


Store B, A unspecifiedt 


H 


X 


t 


T 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


L 


L 


X 


X 


Input disabled 


Input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


L, 


X 


H 


Output 


Input disabled 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


L 


H 


L 


X 


H 


X 


Input disabled 


Output 


Stored A data to B bus 



t The data output functions can be enabled or disabled by various signals at the OE and DIR inputs. Data input functions are always enabled; i.e., 



data at the bus pins will be stored on every low-to-high transition of the clock inputs. 
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I 1 

I I 
I I 
I I 

J L 

i — r 

i i 

i i 1 
i 1 1 



i — i 
i i 
i i 
i i 

J L 



i — r 

ii i 



i i 



m 

0) 
D 
ffi 



< 



I I 

1 I 
j d 



I I 
I I 



I I 
I I 
I I 



T r 

I II 

I I 

I I 

I I 



26^ 3 1 28 2 27 

OE DIR CLKAB CLKBA SAB SBA 
L L X X X L 

REAL-TIME TRANSFER 
BUS B TO BUS A 




26^ 3 1 28 2 27 

OE DIR CLKAB CLKBA SAB SBA 
L H X X L X 

REAL-TIME TRANSFER 
BUS A TO BUS B 



26 


3 


1 28 


2 


27 


26 


3 


1 28 2 


27 


OE 


DIR 


CLKAB CLKBA 


SAB 


SBA 


OE 


DIR 


CLKAB CLKBA SAB 


SBA 


X 


X 


t X 


X 


X 


L 


L 


X L X 


H 


X 


X 


X T 


X 


X 


L 


H 


L X H 


X 


H 


X 


t t 


X 


X 














STORAGE FROM 








TRANSFER STORED DATA 








A, B, OR A AND B 










tO A AND/ORB 





Figure 1. Bus-Management Functions 

Pin numbers shown are for DL, DW, and JT packages. 
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functional block diagram 



OE 26 




DIR 




CLKBA 28 




SBA 27 


->- 


CLKAB 


->- 


SAB 


->- 




Pin numbers shown are for the DL, DW, and JT packages. 
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Terminal Functions 


PIN NAME 


DESCRIPTION 


A1-A8 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B8 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CLKAB, CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


DIR 


Normal-function direction-control input. See function table for normal-mode logic. 


GND 


Ground 


OE 


Normal-function output-enable input. See function table for normal-mode logic. 


CAD CDA 


Normal-function select inputs. See function table for normal-mode logic. 


TCK 


Tact nlnnle Ono r»f fr»i ir nine ram lirori h\/ IPPP QtanrlarH 1 1 AQ 1 -1 QQH Tact r»norotir»nc r\f tho Hov/iro are cwnr^hmnm ic tn tho 

I COl V/IUl/l\. \Jl IC Ul IUUI JJII lo I CV4UII CU Uy ICCEZ Oldl lUdlU I I '+C7. I I C7C/VJ. I Col UfJtJI CtllU! lO Ul 11 IC UCVIi/C dl t? oy 1 IOI llKJl lUUo IU 11 IC 

test clock. Data is captured on the rising edge of TCK, and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four pins required by IEEE Standard 1149.1-1990. The test data input is the serial input for shifting 
data through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four pins required by IEEE Standard 1 1 49. 1 -1 990. The test data output is the serial output for shifting 
data through the instruction register or selected data register. 


TMS 


Test mode select. One of four pins required by IEEE Standard 1149.1-1990. The test mode select input directs the device 
through its test access port (TAP) controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial test information is conveyed by means of a 4-wire test bus or test access port (TAP), that conforms to IEEE 
Standard 1149.1-1990. Test instructions, test data, and test control signals are all passed along this serial test 
bus. The TAP controller monitors two signals from the test bus, namely TCK and TMS. The function of the TAP 
controller is to extract the synchronization (TCK) and state control (TMS) signals from the test bus and generate 
the appropriate on-chip control signals for the test structures in the device. Figure 2 shows the TAP controller 
state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship between the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and three test data registers: a 40-bit boundary-scan register, 
an 11 -bit boundary-control register, and a one-bit bypass register. 



TMS = H 



TMS = L 




Test-Logic-Reset \* 



> 



TMS = L 



Run-Test/Idle 



> 



TMS = H 



< 



Select-DR-Scan 



> 



TMS = H 



< 



Select-IR-Scan 



TMS = L 



Capture-DR 




y 



TMS = H TMS = H 



TMS = L 



Shift-DR 



> 



TMS = H 



Exit1-DR 




> 



TMS = L 



Pause-DR 



> 



TMS = H 



Exit2-DR 



y 



TMS = L 



< 



TMS = H 



TMS = L 



Capture-IR 



< 



TMS = L 



Shift-IR 



TMS = H 




V TMS = H 

Exit1-IR y 



< 



TMS = L 



Pause-IR 



TMS = L 



TMS = H 



Exit2-IR 




TMS = H 



Update-DR 



TMS = H 



> 



< 



TMS = H 



Update-IR 



TMS = L 



TMS = H 



> 



TMS = L 



Figure 2. TAP Controller State Diagram 
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state diagram description 

The test access port (TAP) controller is a synchronous finite state machine that provides test control signals 
throughout the device. The state diagram is illustrated in Figure 2 and is in accordance with IEEE Standard 
1149.1-1990. The TAP controller proceeds through its states based on the level of TMS at the rising edge of 
TCK. 

As illustrated, the TAP controller consists of sixteen states. There are six stable states (indicated by a looping 
arrow in the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can 
retain for consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths though the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test- Logic- Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 

The state machine is constructed such that the TAP controller will return to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that will force it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'ABT8646, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to 
the binary value 00000000010, which selects the PSA test operation with no input masking. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state can also be entered following data register or instruction register scans. 
Run-Test/Idle is provided as a stable state in which the test logic can be actively running a test or can be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller will 
exit either of these states on the next TCK cycle. These states are provided to allow the selection of either data 
register scan or instruction register scan. 

Capture-DR 

When a data register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK upon which the TAP controller exits the Shift-DR state. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 9-55 



SN54ABT8646, SN74ABT8646 

SCAN TEST DEVICES WITH 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

SCBS123B-D4508, AUGUST 1992 -REVISED AUGUST 1993 



state diagram description (continued) 
Exit1-DR, Exit2-DR 

The Exitl -DR and Exit2-DR states are temporary states used to end a data register scan. It is possible to return 
to the Shift-DR state from either Exitl -DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exitl -DR, TDO goes from the active state to the high-impedance 
state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state provides the capability of suspending and resuming data register scan 
operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK following entry to the Update-DR state. 

Capture-IR 

When an instruction register scan is selected, the TAP controller must pass through the Capture-IR state. In the 
Capture-IR state, the instruction register captures its current status value. This capture operation occurs on the 
rising edge of TCK upon which the TAP controller exits the Capture-IR state. 

For the 'ABT8646, the status value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK upon which the TAP controller exits the Shift-IR state. 

Exit1-IR, Exit2-IR 

The Exitl -IR and Exit2-IR states are temporary states used to end an instruction register scan. It is possible to 
return to the Shift-IR state from either Exitl -IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exitl -IR, TDO goes from the active state to the high-impedance 
state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain indefinitely. 
The Pause-IR state provides the capability of suspending and resuming instruction register scan operations 
without loss of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass register, any test register can be thought of as a serial shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out frorn TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and is used to tell the device what instruction is to be executed. 
Information contained in the instruction includes the mode of operation (either normal mode, in which the device 
performs its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the 
test operation to be performed, which of the three data registers is to be selected for inclusion in the scan path 
during data register scans, and the source of data to be captured into the selected data register during 
Capture-DR. 

Table 3 lists the instructions supported by the 'ABT8646. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 10000001 . As an instruction is shifted in, this value will be 
shifted out via TDO and can be inspected as verification that the I R is in the scan path. During Update-IR, the 
value that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is 
updated, and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is 
reset to the binary value 11111111 , which selects the BYPASS instruction. 

The instruction register order of scan is illustrated in Figure 3. 
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Figure 3. Instruction Register Order of Scan 
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boundary-scan register 

The boundary-scan register (BSR) is 40 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, two BSCs for each normal-function I/O pin (one for input data and one for output data), 
and one BSC for each of the internally decoded output-enable signals (OEA and OEB). The BSR is used 1) to 
store test data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the 
device output pins, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic 
and/or externally at the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0. 

When external data is to be captured, the BSCsfgr signals OEA and OEB capture logic values determined by 
the following positive-logic equations: OEA = OE • DIR, and OEB = OE • DIR . When data is to be applied 
externally, these BSCs control the drive state (active or high-impedance) of their respective outputs. 

The boundary-scan register order of scan is from TDI through bits 39-0 to TDO. Table 1 shows the 
boundary-scan register bits and their associated device pin signals. 



Table 1 . Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


39 


OEB 


31 


A8-I 


23 


A8-0 


15 


B8-I 


7 


B8-0 


38 


OEA 


30 


A7-I 


22 


A7-0 


14 


B7-I 


6 


B7-0 


37 


PIR 


29 


A6-I 


21 


A6-0 


13 


B6-I 


5 


B6-0 


36 


OE 


28 


A5-I 


20 


A5-0 


12 


B5-I 


4 


B5-0 


35 


CLKAB 


27 


A4-I 


19 


A4-0 


11 


B4-I 


3 


B4-0 


34 


CLKBA 


26 


A3-I 


18 


A3-0 


10 


B3-I 


2 


B3-0 


33 


SAB 


25 


A2-I 


17 


A2-0 


9 


B2-I 


1 


B2-0 


32 


SB A 


24 


A1-I 


16 


A1-0 


8 


B1-I 


0 


B1-0 



boundary-control register 

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
pseudo-random pattern generation (PRPG), parallel signature analysis (PSA) with input masking, and binary 
count up (COUNT). Table 4 shows the test operations that are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 00000000010, which selects the PSA test operation with no input masking. 

The boundary-control register order of scan is from TDI through bits 10-0 to TDO. Table 2 shows the 
boundary-control register bits and their associated test control signals. 
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data register description (continued) 

Table 2. Boundary-Control Register Configuration 



BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


10 


MASK8 


6 


MASK4 


2 


OPCODE2 


9 


MASK7 


5 


MASK3 


1 


OPCODE1 


8 


MASK6 


4 


MASK2 


0 


OPCODEO 


7 


MASK5 


3 


MASK1 







bypass register 

The bypass register is a one-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is illustrated in 
Figure 4. 



TDI 




> TOO 



Figure 4. Bypass Register Order of Scan 
Table 3. Instruction Register Opcodes 



BINARY CODEt 
BIT7->BIT0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


INTEST 


Boundary scan 


Boundary scan 


Test 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


AH others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit 
*The BYPASS instruction is executed in lieu of a 



instruction. 

SCOPE™ instruction that is not supported in the 'ABT8646. 
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instruction register opcode description 

The instruction register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 

boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The 
boundary-scan register is selected in the scan path. Data appearing at the device input pins is captured in the 
input BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data 
that has been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data that 
has been scanned into the output BSCs is applied to the device output pins. The device operates in the test 
mode. 

bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The 
boundary-scan register is selected in the scan path. Data appearing at the device input pins is captured in the 
input BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The 
device operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE P1 149.1 A HIGHZ instruction. The bypass register is selected in the scan 
path. A logic 0 value is captured in the bypass register during Capture-DR. The device operates in a modified 
test mode in which all device I/O pins are placed in the high-impedance state, the device input pins remain 
operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE P1 149.1 A CLAMP instruction. The bypass register is selected in the scan 
path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input BSCs is applied 
to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device output pins. The 
device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the boundary-control register 
is executed during Run-Test/ldle. The five test operations decoded by the boundary-control register are: sample 
inputs/toggle outputs (TOPSIP), pseudo-random pattern generation (PRPG), parallel signature analysis (PSA), 
simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up (PSA/COUNT). 

boundary read 

The boundary-scan register is selected in the scan path. The value in the boundary-scan register remains 
unchanged during Capture-DR. This instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The boundary-scan register is selected in the scan path. All BSCs capture the inverse of their current values 
during Capture-DR. In this way, the contents of the shadow latches can be read out to verify the integrity of both 
shift register and shadow latch elements of the boundary-scan register. The device operates in the normal 
mode. 
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instruction register opcode description (continued) 
boundary toggle outputs 

The bypass register is selected in the scan path, A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/ldle and is then updated in the shadow latches and thereby applied to the associated device 
output pins on each falling edge of TCK in Run-Test/ldle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in 
the input BSCs. The device operates in the test mode. 

boundary-control register scan 

The boundary-control register is selected in the scan path. The value in the boundary-control register remains 
unchanged during Capture-DR. This operation must be performed prior to a boundary run test operation in order 
to specify which test operation is to be executed. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT2-»BIT0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


X10 


Parallel signature analysis/1 6-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 



boundary-control register opcode description 

The boundary-control register opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test 
operation is performed while the RUNT instruction is executed in the Run-Test/ldle state. The following 
descriptions detail the operation of each BCR instruction and illustrate the associated PSA and PRPG 
algorithms. 

It should be noted, in general, that while the control input BSCs (bits 39-32) are not included in the sample, 
toggle, PSA, PRPG, or COUNT algorithms, the output-enable BSCs (bits 39-38 of the BSR) do control the drive 
state (active or high impedance) of the selected device output pins. It also should be noted that these BCR 
instructions are only valid when the device is operating in one direction of data flow (that is, OEA * OEB). 
Otherwise, the bypass instruction is operated. 

PSA input masking 

Bits 10-3 of the boundary-control register are used to specify device input pins to be masked from PSA 
operations. Bit 1 0 selects masking for device input pin A8 during A-to-B data flow or for device input pin B8 during 
B-to-A data flow. Bit 3 selects masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, 
respectively. Bits intermediate to 1 0 and 3 mask corresponding device input pins in order from most significant 
to least significant, as indicated in Table 3. When the mask bit which corresponds to a particular device input 
has a logic 1 value, the device input pin is masked from any PSA operation, meaning that the state of the device 
input pin is ignored and has no effect on the generated signature. Otherwise, when a mask bit has a logic 0 value, 
the corresponding device input is not masked from the PSA operation. 
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boundary-control register opcode description (continued) 
sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input pins is captured in the shift- register elements of the selected BSCs 
on each rising edge of TCK. This data is then updated in the shadow latches of the selected input BSCs and, 
thereby, applied to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected 
output BSCs is toggled on each rising edge of TCK and is then updated in the shadow latches and thereby 
applied to the associated device output pins on each falling edge of TCK. 

pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK and then updated in the shadow latches and thereby applied to the associated device output pins on 
each falling edge of TCK. This data is also updated in the shadow latches of the selected input BSCs and, 
thereby, applied to the inputs of the normal on-chip logic. Figures 5 and 6 illustrate the 16-bit linear-feedback 
shift-register algorithms through which the patterns are generated. An initial seed value should be scanned into 
the boundary-scan register prior to performing this operation. Note that a seed value of all zeroes will not 
produce additional patterns. 
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Figure 5. 16-Bit PRPG Configuration (OEA = 0, OEB = 1) 
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boundary-control register opcode description (continued) 



parallel signature analysis (PSA) 

Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is then updated in the shadow 
latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. Data in the 
shadow latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 7 
and 8 illustrate the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An 
initial seed value should be scanned into the boundary-scan register prior to performing this operation. 
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Figure 7. 16-Bit PSA Configuration (OEA = 0, OEB = 1) 
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Figure 8. 16-Bit PSA Configuration (OEA = 1, OEB = 0) 
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boundary-control register opcode description (continued) 
simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. At 
the same time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output 
BSCs on each rising edge of TCK and then updated in the shadow latches and, thereby, applied to the 
associated device output pins on each falling edge of TCK. Figures 9 and 10 illustrate the 8-bit linear-feedback 
shift-register algorithms through which the signature and patterns are generated. An initial seed value should 
be scanned into the boundary-scan register prior to performing this operation. Note that a seed value of all 
zeroes will not produce additional patterns. 
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Figure 9. 8-Bit PSA/PRPG Configuration (OEA = 0, OEB = 1) 
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Figure 1 0. 8-Bit PSA/PRPG Configuration (OEA = 1 , OEB = 0) 
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boundary-control register opcode description (continued) 
simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. At 
the same time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output 
BSCs on each rising edge of TCK and then updated in the shadow latches and, thereby, applied to the 
associated device output pins on each falling edge of TCK. In addition, the shift-register elements of the opposite 
output BSCs are used to count carries out of the selected output BSCs and, thereby, extend the count to 1 6 bits. 
Figures 11 and 12 illustrate the 8-bit linear-feedback shift-register algorithms through which the signature is 
generated. An initial seed value should be scanned into the boundary-scan register prior to performing this 
operation. 
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Figure 11. 8-Bit PSA/COUNT Configuration (OEA = 0, OEB = 1) 
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Figure 12. 8-Bit PSA/COUNT Configuration (OEA = 1 , OEB = 0) 
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timing description 

All test operations of the 'ABT8646 are synchronous to the test clock (TCK). Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as illustrated in 
Figure 2) by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is illustrated in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction register scan 
and one data register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 explains 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic- Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select- IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scanned into the IR. At the same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 1 3, TMS is changed to a logic 1 value to end the instruction register scan 
on the next TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR 
toExitl-IR. 


14 


Exitt-IR 


TDO becomes inactive (goes to the high-impedapce state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic- Reset 


Test operation completed 
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TCK 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

JITUTJITLJIJ^^ 



tms | [ 

TDI 
TDO 



1 



r 



TAP 
Controller 
State 



3 

1 


t/ldle 


Scan 


Scan 


re-IR 


6 
"5> 


i-Tes 


oc 

o 


:t-IR- 


Japtu 


3 

% 


□ 
CO 


i 

















oc 



3-State (TDO) or Don't Care (TDI) 

Figure 13. Timing Example 



oc 

Q 

!E 



can 


can 


jset 


00 




Of 


oc 


rx 


6 


Q 


'5> 


ect- 


ilec 


o 
-j 


Sel 


0) 


Test 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT8646 96 mA 

SN74ABT8646 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

recommended operating conditions (see Note 2) 







SN54ABT8646 


SN74ABT8646 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0, 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT8646 


SN74ABT8646 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l|=-18mA 


-1 .2 


-1.2 


-1.2 


V 


VOH 


VqC = 4 5 v » 'OH = - 3 mA 


2.5 


2.5 " 


2.5 


V 


VcC = 5V, loH = -3mA 


3 


3 


3 


VqC = 4 -5 v » 'OH = - 24 mA 


2 


2 




Vcc = 4.5V, loH = -32mA 


2+ 




2 


vol 


VQC = 4 -5 V, Iol = 48 mA 


0.55 


0.55 




V 


VcC = 4.5V, lQL = 64mA 


0.55T- 




0.55 


i, 


V C C = 5.5V, 
V| = V C corGND 


CLK, DIR, OE, 
S, TCK 


±1 


±1 


±1 


ii A 


A or B ports 


±100 


±100 


±100 


hH 


V C C = 5.5V, V| = V CC 


TDI, TMS 


10 


10 


10 


|iA 


|(L 


V C C = 5.5 V, V| = GND 


TDI, TMS 


-160 


-160 


-160 


|iA 


>OZH§ 


Vcc = 5.5V, Vq = 2.7V 


50 


50 


50 


^iA 


'OZL* 


V C C = 5.5V, V O = 0.5V 


— ou 


— ou 


Kfi 

— ou 


ii A 


I tx. 

■off 


Vcc = 0. V|orVQ<5.5V 


-4-1 c\c\ 
± I uu 




XlUU 


ii A 


'CEX 


Vcc = 5.5V, Vq = 5.5V Outputs high 


Rfi 


Kfi 

ou 


ou 


ti A 




Vcc = 5.5 V, Vq = 2.5 V 


-50 -100 -180 

\J\J 1 \J\J 1 KJ\J 


-50 -180 


-50 -180 




>cc 


V C C = 5.5V, 

'o = o. 

V| = V CC or GND 


A or B ports 


Outputs high 


0.9 2 


2 


2 


mA 


Outputs low 


30 38 


38 


38 


Outputs disabled 


0.9 2 


2 


2 


AI C C # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 


Cio 


V 0 = 2.5 V or 0.5 V 


A or B ports 


10 






PF 


C 0 


Vq = 2.5 V or 0.5 V 


TDO 


8 






PF 



t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters Iqzh ancl 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 









SN54ABT8646 


SN74ABT8646 


UNIT 








MIN MAX 


MIN MAX 


f clock 


Clock frequency 


CLKAB or CLKBA 


0 ; 100 


0 100 


MHz 


t w 


Pulse duration 


CLKAB or CLKBA high or low 




3 


ns 




Setup time 


A before CLKAB t or B before CLKBAt 


4$ 


4.5 


ns 


th 


Hold time 


A after CLKABT or B after CLKBAt 


0 


0 


ns 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 








SN54ABT8646 


SN74ABT8646 


UNIT 








MIN MAX 


MIN MAX 


fclock 


Clock frequency 


TCK 


0 50 


0 50 


MHz 


tw 


Pulse duration 


TCK high or low 


5 


5 


ns 






A, B, CLK, DIR, OE, or S before TCKt 


5 


5 




*su 


Setup time 


TDI before TCKt 


6 


6 


ns 






TMS before TCKt 


6 


6 








A, B, CLK, DIR, OE, or S after TCKt 


0 


0 




th 


Hold time 


TDI after TCKt 


0 


o 


ns 






TMS after TCKt 


0 


0 




td 


Delay time 


Power up to TCKt 


50 


50 


ns 


tr 


Rise time 


Vcc power up 


1 


1 


[IS 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 



DADAMCTCD 

rAriAmc 1 erf 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT8646 


SN74ABT8646 


1 IMIT 
UNI 1 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




— 

'max 


CLKAB or CLKBA 




100 


130 




100 


100 


MHz 


tpi_H 


A or B 


BorA 


2 


3.7 


4.5 


2 


5.5 


2 


5.2 


ns 


tPHL 


2 


3.5 


4.4 


2 


5.8 


2 


5,5 


tPLH 


CLKAB or CLKBA 


B or A 


3 


4.4 


5.3 


3 


6.3 


3 6 


ns 


l rnL 


2.5 


4.3 


5.2 


2.5 


6.7 


2.5 


6.2 


tPLH 


SAB or SBA 


B or A 


2 


4.8 


6 


2 


, 7.5 


2 


7.3 


ns 


tPHL 


2 


4.7 


5.9 


2 


7.8 


2 


7.4 


tpZH 


DIR 


B or A 


2.5 


4.4 


5.3 


2.6 


6.6 


2.5 


6.5 


ns 


tpZL 


3 


4.8 


6.2 


\3 


7.3 


3 


7.1 


tPZH 


OE 


B or A 


2.5 


4.4 


5.4 


« 2.5 


6.7 


2.5 


6.5 


ns 


tpZL 


3 


5.2 


6.2 


3 


7.6 


3 


7.5 


tPHZ 


DIR 


BorA 


3 


6 


7 


3 


8.9 


3 


8.6 


ns 


tPLZ 


3 


5.2 


6.2 


3 


8.1 


3 


7.9 


tPHZ 


OE 


BorA 


3 


5.9 


6.9 


3 


8.3 


3 


7.9 


ns 


tPLZ 


3 


5.2 


6.2 


3 


7.8 


3 


7.4 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT8646 


SN74ABT8646 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 


TCK 




50 


90 




50 


50 


MHz 


tPLH 


TCKvl 


A or B 


3.5 


8 


9.5 


3.5 


12.5 


3.5 


12 


ns 


tPHL 


3 


7.7 


9 


3 


12 


3 


11.5 


tPLH 


TCK4 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


2.6 


6.5 


ns 


tPHL 


2.5 


4.2 


5.5 


2.5 


7 


2.5 


6.5 


tpZH 


TCKl 


A or B 


4.5 


8.2 


9.5 


4.5 


12.5 


4.5 


12 


ns 


tPZL 


4.5 


9 


10.5 


45 


13.5 


4.5 


13 


tpZH 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.8 


7 


2.5 


6.5 


ns 


tPZL 


2.5 


4.9 


6 


2.5 


7.5 


2.5 


7 


tPHZ 


TCKi 


A or B 


3.5 


8.4 


10.5 


3.5 


14 


3.5 


13.5 


ns 


tPLZ 


3 


8 


10.5 


3 


13.5 


3 


13 


tPHZ 


TCK4 


TDO 


3 


5.9 


7 


3 


9 


3 


8.5 


ns 


tPLZ 


3 


5 


6.5 


3 


8 


3 


7.5 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 £2 

- J WV- 



500 Q 



S1, 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ/tpZL 
tPHZ'tpZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



, — y y — 

Input 1 -5V^t A 1-5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



3 V 
0V 



Input 
(see Note B) 



Output 



Output 



Z)( 15V )<£Z 

^— ^tpHL 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



£T X 1 - 5V ) p" 



tPZL 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



!*PLZ-^ j<- 

/ VOL^O- 



tPZH -*| |*~ 



tPHZ"^ j«- 



n i 

A5V ^OH-0- 



3 V 



3V 

ov 

3.5 V 

vol 

VOH 

- ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 14. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

Functionally Equivalent to SN54/74F652 
and SN54/74ABT652 in the Normal 
Function Mode 
SCOPE ™ Instruction Set: 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, and 
P1 149.1 A CLAMP and HIGHZ 

- Parallel Signature Analysis at Inputs 
With Masking Option 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Even-Parity Opcodes 

Two Boundary-Scan Cells per I/O for 
Greater Flexibility 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Package Options Include Plastic 
Small-Outline and Shrink Small-Outline 
Packages, Ceramic Chip Carriers, and 
Standard Ceramic DIPs 



SN54ABT8652 . . . JT PACKAGE 
SN74ABT8652 . . . DL OR DW PACKAGE 
(TOP VIEW) 



CLKAB [ 
SAB [ 
OEAB [ 
A1 
A2 [ 
A3 [ 
GND [ 
A4 [8 
A5 [9 
A6 [ 



A7 [11 

A8 [ 
TDO [ 
TMS [ 14 



TJ 



28 ] CLKBA 
27 ] SBA 
] OEBA 
]B1 
]B2 
23 ] B3 



10 



]B4 

]v cc 

]B5 
]B6 
]B7 
]B8 
]TDI 
]TCK 



SN54ABT8652 . . . FK PACKAGE 
(TOP VIEW) 

O 

r- CM CO ^ O m CD 
00 CO CD CO. > CD CD 



description 



4 3 2 



28 27 26 



OEBA ] 5 
SBA ]6 
CLKBA ] 7 
CLKAB ] 8 
SAB ]9 
OEAB ]10 
A1 ] 11 

12 13 14 15 16 17 18 

nnnnnnn 



25[ B7 
24[ B8 
23[ TDI 
22[ TCK 
21 [ TMS 
20[ TDO 
19[ A8 



cm co q ^ m CO N 
< < z < < < < 

o 



The SN54ABT8652 and SN74ABT8652 scan test 
devices with octal bus transceivers and registers 
are members of the Texas Instruments SCOPE™ 
testability IC family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 

In the normal mode, these devices are functionally equivalent to the SN54/74F652 and SN54/74ABT652 octal 
bus transceivers and registers. The test circuitry can be activated by the TAP to take snapshot samples of the 
data appearing at the device pins or to perform a self test on the boundary test cells. Activating the TAP in normal 
mode does not affect the functional operation of the SCOPE™ octal bus transceivers and registers. 



SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1993, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to 
Tex 



specifications per the terms of Texas Instruments standard warranty. Tpv A C 

Production processing does not necessarily include testing of all \f lfcLyVrYo 
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description (continued) 

Dataflow in each di rection is controlled by clock (CLKAB and CLKBA), select (SAB and SBA), and output-enable 
(OEAB and OEBA) inputs. For A-to-B data flow, data on the A bus is clocked into the associated registers on 
the low-to-high transition of CLKAB. When SAB is low, real-time A data is selected for presentation to the B bus 
(transparent mode). When SAB is high, stored A data is selected for presentation to the B bus (registered mode). 
When OEAB is high, the B outputs are active. When OEAB is low, the B outputs are in the hi gh-impe dance state. 
Co ntrol for B-to-A data flow is similar to that for A-to-B data fl ow but u ses CLKBA, SBA, and OEBA inputs. Since 
the OEBA input is active-low, the A outputs are active when OEBA is low and are in the high-impedance state 
when OEBA is high. Figure 1 illustrates the four fundamental bus-management functions that can be performed 
with the 'ABT8652. 

In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can 
perform boundary scan test operations as described in IEEE Standard 1149.1-1 990. 

Four dedicated test pins are used to control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform other 
testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54ABT8652 is characterized for operation over the full military temperature range of - 55 G C to 1 25°C. 
The SN74ABT8652 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


L 


H 


L 


L 


X 


X 


Input disabled 


Input disabled 


Isolation 


L 


H 


t 


t 


X 


X 


Input 


Input 


Store A and B data 


X 


H 


t 


L 


X 


X 


Input 


Unspecifiedt 


Store A, hold B 


H 


H 


T 


t 


X* 


X 


Input 


Output 


Store A in both registers 


L 


X 


L 


t 


X 


X 


Unspecifiedt 


Input 


Hold A, store B 


L 


L 


t 


t 


X 


xt 


Output 


Input 


Store B in both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


L 


X 


H 


Output 


Input 


Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


L 


X 


H 


X 


Input 


Output 


Stored A data to B bus 


H 








H 


H 


Output 


Output 


Stored A data to B bus and 


L 


L 


L 


stored B data to A bus 



t The data output functions can be enabled or disabled by a variety of level combinations at the OEAB or OEBA inputs. Data input functions are 

always enabled; i.e., data at the bus pins is stored on every low-to-high transition on the clock inputs, 
t Select control = L: clocks can occur simultaneously. 

Select control = H: clocks must be staggered in order to load both registers. 
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STORAGE FROM TRANSFER STORED DATA 

A, B, OR A AND B TO A AND/ORB 



Figure 1. Bus-Management Functions 

Pin numbers shown are for the DL, DW, and JT packages. 
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functional block diagram 



Boundary-Scan Register 




Pin numbers shown are for the DL, DW, and JT packages. 
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Terminal Functions 


PIN NAME 


DESCRIPTION 


A1-A8 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B8 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CLKAB, CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


GND 


Ground 


OEAB, OEBA 


Normal-function output-enable inputs. See function table for normal-mode logic. 


SAB, SBA 


Normal-function select inputs. See function table for normal-mode logic. 


TCK 


Test clock. One of four pins required by IEEE Standard 1149.1-1 990. Test operations of the device are synchronous to the 
test clock. Data is captured on the rising edge of TCK, and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four pins required by IEEE Standard 11 49.1 -1 990. The test data input is the serial input for shifting 
data through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four pins required by IEEE Standard 1 1 49. 1 -1 990. The test data output is the serial output for shifting 
data through the instruction register or selected data register. 


TMS 


Test mode select. One of four pins required by IEEE Standard 1149.1-1990. The test mode select input directs the device 
through its test access port (TAP) controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial test information is conveyed by means of a 4-wire test bus or test access port (TAP), that conforms to IEEE 
Standard 1149.1-1990. Test instructions, test data, and test control signals are all passed along this serial test 
bus. The TAP controller monitors two signals from the test bus, namely TCK and TMS. The function of the TAP 
controller is to extract the synchronization (TCK) and state control (TMS) signals from the test bus and generate 
the appropriate on-chip control signals for the test structures in the device. Figure 2 shows the TAP controller 
state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship between the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and three test data registers: a 38-bit boundary-scan register, 
an 11 -bit boundary-control register, and a one-bit bypass register. 
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Figure 2. TAP Controller State Diagram 
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state diagram description 

The test access port (TAP) controller is a synchronous finite state machine that provides test control signals 
throughout the device. The state diagram is illustrated in Figure 2 and is in accordance with IEEE Standard 
1149.1-1990. The TAP controller proceeds through its states based on the level of TMS at the rising edge of 
TCK. 

As illustrated, the TAP controller consists of sixteen states. There are six stable states (indicated by a looping 
arrow in the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can 
retain for consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths though the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 

The state machine is constructed such that the TAP controller will return to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that will force it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'ABT8652, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0 except bit 36, which is reset to logic 1 . The 
boundary-control register is reset to the binary value 00000000010, which selects the PSA test operation with 
no input masking. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state can also be entered following data register or instruction register scans. 
Run-Test/Idle is provided as a stable state in which the test logic can be actively running a test or can be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller will 
exit either of these states on the next TCK cycle. These states are provided to allow the selection of either data 
register scan or instruction register scan. 

Capture-DR 

When a data register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK upon which the TAP controller exits the Capture-DR 
state. 
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state diagram description (continued) 
Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK upon which the TAP controller exits the Shift-DR state. 

Exitl-DR, Exit2-DR 

The Exitl -DR and Exit2-DR states are temporary states used to end a data register scan. It is possible to return 
to the Shift-DR state from either Exitl -DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exitl -DR, TDO goes from the active state to the high-impedance 
state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state provides the capability of suspending and resuming data register scan 
operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK following entry to the Update-DR state. 

Capture-IR 

When an instruction register scan is selected, the TAP controller must pass through the Capture-IR state. In the 
Capture-IR state, the instruction register captures its current status value. This capture operation occurs on the 
rising edge of TCK upon which the TAP controller exits the Capture-IR state. 

For the 'ABT8652, the status value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK upon which the TAP controller exits the Shift-IR state. 

ExifMR, Exit2-IR 

The Exitl -IR and Exit2-IR states are temporary states used to end an instruction register scan. It is possible to 
return to the Shift-IR state from either Exitl -IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exitl -IR, TDO goes from the active state to the high-impedance 
state. 
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state diagram description (continued) 
Pause-IR 

No specific function is performed in the stable Pause-I R state, in which the TAP controller can remain indefinitely. 
The Pause-IR state provides the capability of suspending and resuming instruction register scan operations 
without loss of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK following entry to the Update-IR 
state. 

register overview 

With the exception of the bypass register, any test register can be thought of as a serial shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and is used to tell the device what instruction is to be executed. 
Information contained in the instruction includes the mode of operation (either normal mode, in which the device 
performs its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the 
test operation to be performed, which of the three data registers is to be selected for inclusion in the scan path 
during data register scans, and the source of data to be captured into the selected data register during 
Capture-DR. 

Table 3 lists the instructions supported by the 'ABT8652. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 10000001 . As an instruction is shifted in, this value will be 
shifted out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the 
value that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is 
updated, and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is 
reset to the binary value 11111111, which selects the BYPASS instruction. 

The instruction register order of scan is illustrated in Figure 3. 
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Figure 3. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 38 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and two BSCs for each normal-function I/O pin (one for input data and one for output 
data). The BSR is used 1) to store test data that is to be applied internally to the inputs of the normal on-chip 
logic and/or externally to the device output pins, and/or 2) to capture data that appears internally at the outputs 
of the normal on-chip logic and/or externally at the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0 except BSC 36, which is reset to logic 1 . 

The boundary-scan register order of scan is from TDI through bits 37-0 to TDO. Table 1 shows the 
boundary-scan register bits and their associated device pin signals. 



Table 1 . Boundary-Scan Register Configuration 
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B8-I 


7 


B8-0 


36 


OEBA 


30 


A7-I 
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boundary-control register 

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
pseudo-random pattern generation (PRPG), parallel signature analysis (PSA) with input masking, and binary 
count up (COUNT). Table 4 shows the test operations that are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 0000000001 0, which selects the PSA test operation with no input masking. 

The boundary-control register order of scan is from TDI through bits 10-0 to TDO. Table 2 shows the 
boundary-control register bits and their associated test control signals. 



Table 2. Boundary-Control Register Configuration 
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data register description (continued) 
bypass register 

The bypass register is a one-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is illustrated in 
Figure 4. 



TDI 




> TDO 



Figure 4. Bypass Register Order of Scan 
Table 3. Instruction Register Opcodes 



BINARY CODET 
BIT 7-^ BIT 0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


INTEST 


Boundary scan 


Boundary scan 


Test 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 
* The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8652. 
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instruction register opcode description 

The instruction register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 

boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The 
boundary-scan register is selected in the scan path. Data appearing at the device input pins is captured in the 
input BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data 
that has been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data that 
has been scanned into the output BSCs is applied to the device output pins. The device operates in the test 
mode. 

bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The 
boundary-scan register is selected in the scan path. Data appearing at the device input pins is captured in the 
input BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The 
device operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE P1 149.1 A HIGHZ instruction. The bypass register is selected in the scan 
path. A logic 0 value is captured in the bypass register during Capture-DR. The device operates in a modified 
test mode in which all device I/O pins are placed in the high-impedance state, the device input pins remain 
operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE P1 149.1 A CLAMP instruction. The bypass register is selected in the scan 
path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input BSCs is applied 
to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device output pins. The 
device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the boundary-control register 
is executed during Run-Test/Idle. The five test operations decoded by the boundary-control register are: sample 
inputs/toggle outputs (TOPSIP), pseudo-random pattern generation (PRPG), parallel signature analysis (PSA), 
simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up (PSA/COUNT). 

boundary read 

The boundary-scan register is selected in the scan path. The value in the boundary-scan register remains 
unchanged during Capture-DR. This instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The boundary-scan register is selected in the scan path. All BSCs capture the inverse of their current values 
during Capture-DR. In this way, the contents of the shadow latches can be read out to verify the integrity of both 
shift register and shadow latch elements of the boundary-scan register. The device operates in the normal 
mode. 
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instruction register opcode description (continued) 
boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/Idle and is then updated in the shadow latches and thereby applied to the associated device 
output pins on each falling edge of TCK in Run-Test/ldle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in 
the input BSCs. The device operates in the test mode. 

boundary-control register scan 

The boundary-control register is selected in the scan path. The value in the boundary-control register remains 
unchanged during Capture-DR. This operation must be performed prior to a boundary run test operation in order 
to specify which test operation is to be executed. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2^ BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


X10 


Parallel signature analysis/1 6-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 



boundary-control register opcode description 

The boundary-control register opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test 
operation is performed while the RUNT instruction is executed in the Run-Test/Idle state. The following 
descriptions detail the operation of each BCR instruction and illustrate the associated PSA and PRPG 
algorithms. 

It should be noted, in general, that while the control input BSCs (bits 37-32) are not included in the sample, 
toggle, PSA, PRPG, or COUNT algorithms, the output-enable BSCs (bits 37-36 of the BSR) do control the drive 
state (active or high impedance) of the selected device output pins. It also should be noted that the se BCR 
instructions are only valid when the device is operating in one direction of data flow (that is, OEAB = OEBA). 
Otherwise, the bypass instruction is operated. 

PSA input masking 

Bits 10-3 of the boundary-control register are used to specify device input pins to be masked from PSA 
operations. Bit 1 0 selects masking for device input pin A8 during A-to-B data flow or for device input pin B8 during 
B-to-A data flow. Bit 3 selects masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, 
respectively. Bits intermediate to 10 and 3 mask corresponding device input pins in order from most significant 
to least significant, as indicated in Table 3. When the mask bit which corresponds to a particular device input 
has a logic 1 value, the device input pin is masked from any PSA operation, meaning that the state of the device 
input pin is ignored and has no effect on the generated signature. Otherwise, when a mask bit has a logic 0 value, 
the corresponding device input is not masked from the PSA operation. 
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boundary-control register opcode description (continued) 
sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs 
on each rising edge of TCK. This data is then updated in the shadow latches of the selected input BSCs and, 
thereby, applied to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected 
output BSCs is toggled on each rising edge of TCK and is then updated in the shadow latches and thereby 
applied to the associated device output pins on each falling edge of TCK. 

pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK and then updated in the shadow latches and thereby applied to the associated device output pins on 
each falling edge of TCK. This data is also updated in the shadow latches of the selected input BSCs and, 
thereby, applied to the inputs of the normal on-chip logic. Figures 5 and 6 illustrate the 16-bit linear-feedback 
shift-register algorithms through which the patterns are generated. An initial seed value should be scanned into 
the boundary-scan register prior to performing this operation. Note that a seed value of all zeroes will not 
produce additional patterns. 
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Figure 5. 16-Bit PRPG Configuration (OEAB = 1, OEBA = 1) 
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Figure 6. 16-Bit PRPG Configuration (OEAB= 0, OEBA= 0) 
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boundary-control register opcode description (continued) 
parallel signature analysis (PSA) 

Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is then updated in the shadow 
latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. Data in the 
shadow latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 7 
and 8 illustrate the 1 6-bit linear-feedback shift-register algorithms through which the signature is generated. An 
initial seed value should be scanned into the boundary-scan register prior to performing this operation. 
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Figure 7. 16-Bit PSA Configuration (OEAB = 1, OEBA = 1) 
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Figure 8. 16-Bit PSA Configuration (OEAB = 0, OEBA = 0) 
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boundary-control register opcode description (continued) 
simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. At 
the same time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output 
BSCs on each rising edge of TCK and then updated in the shadow latches and, thereby, applied to the 
associated device output pins on each falling edge of TCK. Figures 9 and 1 0 illustrate the 8-bit linear-feedback 
shift-register algorithms through which the signature and patterns are generated. An initial seed value should 
be scanned into the boundary-scan register prior to performing this operation. Note that a seed value of all 
zeroes will not produce additional patterns. 
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Figure 9. 8-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 1) 
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Figure 10. 8-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 0) 
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boundary-control register opcode description (continued) 
simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. At 
the same time, an 8-bit brnary count-up pattern is generated in the shift-register elements of the selected output 
BSCs on each rising edge of TCK and then updated in the shadow latches and, thereby, applied to the 
associated device output pins on each falling edge of TCK. In addition, the shift-register elements of the opposite 
output BSCs are used to count carries out of the selected output BSCs and, thereby, extend the count to 1 6 bits. 
Figures 11 and 12 illustrate the 8-bit linear-feedback shift-register algorithms through which the signature is 
generated. An initial seed value should be scanned into the boundary-scan register prior to performing this 
operation. 
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Figure 11. 8-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 1) 
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Figure 12. 8-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 0) 
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timing description 

All test operations of the 'ABT8652 are synchronous to the test clock (TCK). Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as illustrated in 
Figure 2) by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is illustrated in Figure 13. In this example, the TAP controller begins in the 
Test-Logic- Reset state and is advanced through its states as necessary to perform one instruction register scan 
and one data register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test- Logic- Reset state. Table 5 explains 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/ldle 




3 


Select-DR-Scan 




4 


Select- 1 R-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the instruction register scan 
on the next TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR 
to ExitMR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT8652 96 mA 

SN74ABT8652 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk (Vo < °) ■ ■ ~ 50 mA 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT8652 


SN74ABT8652 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5,5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


v 


'OH 


High-level output current 


-24 


. -32 


mA 


'OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


nsA/ 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°c 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT8652 


SN74ABT8652 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, 1 1 =—18 mA 


-1 .2 


-1 .2 


-1.2 


V 


v OH 


Vcc = 4.5 V, Iqh = - 3 mA 


2.5 


2.5 


2.5 


\/ 

V 


Vcc = 5 V, Iqh = - 3 mA 


3 


3 


3 


Vcc = 4.5 V, loH = -24mA 


2 


2 




Vcc = 4.5 V, loH = -32mA 


2* 




2 


\/r\i 

v OL 


Vcc = 4.5 V, Iql = 48 mA 


0.55 


0.55 




y 


Vcc = 4.5 V, Iql = 64 mA 


0.55* 




0.55 


"I 


V C C = 5.5 V, 
V| = Vcc o r GND 


CLK, OEAB, 
OEBA, S, TCK 


±1 


±1 


±1 


I^A 


A or B ports 


±100 


±T00 


±100 


l|H 


Vcc = 5.5 V, V| = Vcc 


TDI, TMS 


10 


. 10 


10 


|XA 


IlL 


VCC = 5.5 V, V| = GND 


TDI.TMS 


-160 


-160 


-160 


uA 


'OZH § 


VCC = 5-5 V, Vq = 2.7 V 


50 


50 


50 


HA 


IOZL§ 


V C C = 5.5 V, V 0 = 0.5 V 


-50 


-50 


-50 


^iA 


'OFF 


Vcc = 0. V|orVo<5.5V 


±100 




±100 


uA 


'CEX 


Vcc = 5.5 V, Vo = 5.5 V | Outputs high 


50 


50 


50 


^iA 




V C C = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o, 

V| = V C C or GND 


A or B 
ports 


Outputs high 


0.9 2 


2 


2 


mA 


Outputs low 


30 38 


38 


38 


Outputs disabled 


0.9 2 


2 


2 


Alcc ff 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 




Vo = 2.5 V or 0.5 V 


A or B ports 


10 






PF 


Co 


V 0 = 2.5 V or 0.5 V 


TDO 


8 






PF 



t All typical values are at Vcc = 5 V. 

tOn products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH ancl 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 





SN54ABT8652 


SN74ABT8652 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


CLKAB or CLKBA 


o ; ,ioo 


0 100 


MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 


,$^: 


3 


ns 


t su Setup time 


A before CLKABt or B before CLKBAt 




4.5 


ns 


t n Hold time 


A after CLKABt or B after CLKBAt 


% 0 


0 


ns 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 




SN54ABT8652 


SN74ABT8652 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 


5 


5 


ns 


t su Setup time 


A, B, CLK, OEAB, OEBA, or S before TCKt 


5 


5 


ns 


TDI before TCKt 


6 


6 


TMS before TCKt 


6 <. 


6 


t n Hold time 


A, B, CLK, OEAB, OEBA, or S after TCKt 


0 


0 


ns 


TDI after TCKt 


: $ 


0 


TMS after TCKt 


0 


0 


td Delay time 


Power up to TCKt 


50 


50 


ns 


t r Rise time 


VCC P ower U P 


1 


1 


|LIS 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 



PARAMETER 


FROM 

/■Kim ITT\ 

(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT8652 


SN74ABT8652 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 


CLKAB or CLKBA 




100 


130 




100 


100 


MHz 


tPLH 


A or B 


BorA 


2 


3.7 


4.5 


2 


5.5 


2 


5.2 


ns 


tPHL 


1.5 


3.5 


4.4 


1.5 


5.8 


1.5 


5.5 


tPLH 


CLKAB or CLKBA 


BorA 


2.5 


4.4 


5.3 


2.5 


63 


2.5 


6 


ns 


tPHL 


2.5 


4.3 


5.2 


2.5 


6.7 


2.5 


6.2 


tPLH 


SAB or SBA 


BorA 


2 


4.8 


6 


2 


7.5 


2 


7.3 


ns 


tPHL 


2 


4.7 


5.9 


2 


7.8 


2 


7.4 


tpZH 




BorA 


2 


4.4 


5.4 


2 


6.7 


2 


6.5 


ns 


tpZL 


OEAB or OEBA 


2 


5.2 


6.2 


2 


7.6 


2 


7.5 


tPHZ 


OEAB or OEBA 


BorA 


2 


5.9 


6.9 


2 


8.3 


2 


7.9 


ns 


t PLZ 


2 


5.2 


6.2 


2 


7.8 


2 


7.4 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT8652 


SN74ABT8652 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f max 


TCK 




50 


90 




50 


50 


'MHz 


tPLH 


TCKl 


A or B 


3.5 


8 


9.5 


3.5 


12.5 


■ 3.5 


12 


ns 


tPHL 


3 


7.7 


9 


3 


12 


3 


11.5 


tPLH 


TCK4- 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


2.5 


6.5 


ns 


tPHL 


2.5 


4.2 


5.5 


2.5 


7 


2.5 


6.5 


tpZH 


TCK^ 


A or B 


4.5 


8.2 


9.5 


4.5 


12.5 


4.5 


12 


ns 


tpZL 


4.5 


9 


10.5 


4.5 


13.5 


4.5 


13 


tPZH 


TCKsl 


TDO 


2.5 


4.3 


5.5 


2.6 


7 


2.5 


6.5 


ns 


tPZL 


2.5 


4.9 


6 


,2.5 


7.5 


2.5 


7 


tPHZ 


TCKi 


A or B 


3.5 


8.4 


10.5 


3.5 


14 


3.5 


13.5 


ns 


tPLZ 


3 


8 


10.5 


3 


13.5 


3 


13 


tPHZ 


TCKl 


TDO 


3 


5.9 


7 


3 


9 


3 


8.5 


ns 


tPLZ 


3 


5 


6.5 


3 8 


3 


7.5 
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PARAMETER MEASUREMENT INFORMATION 
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(see Note A) 
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Waveform 1 
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(see Note C) 
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S1 at Open 
(see Note C) 
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NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 14. Load Circuit and Voltage Waveforms 
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SN54ABT8952 . . . JT PACKAGE 
SN74ABT8952 . . . DL OR DW PACKAGE 
(TOP VIEW) 



CLKAB [ 1 
CL KENAB [ 2 
OEAB[ 3 
A1 [ 4 
A2[ 5 
A3[ 6 
GND [ 7 
A4[ 8 
A5[ 9 
A6[ 10 
A7[ 11 
A8[ 12 
TDO [ 13 
TMS [ 14 



TJ 



28 ] CLKBA 

27 ] CLKEN BA 

26 ] OEBA 

25]B1 

24]B2 

23 ] B3 

22 ] B4 

21 ] V cc 

20 ] B5 

19 ] B6 

18 ] B7 

17 ] B8 

16 ]TDI 

15 ]TCK 



• Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

• Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

• Functionally Equivalent to 
SN54/74BCT2952 and SN54/74ABT2952 in 
the Normal Function Mode 

• SCOPE ™ Instruction Set: 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, and 
P1149.1 A CLAMP and HIGHZ 

- Parallel Signature Analysis at Inputs 
With Masking Option 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Even-Parity Opcodes 

• Two Boundary-Scan Cells per I/O for 
Greater Flexibility 

• State-of-the-Art EPIC-I1B™ BiCMOS Design 
Significantly Reduces Power Dissipation 

• Package Options Include Plastic 
Small-Outline and Shrink Small-Outline 
Packages, Ceramic Chip Carriers, and 
Standard Ceramic DIPs 

description 

The SN54ABT8952 and SN74ABT8952 scan test 
devices with octal registered bus transceivers are 
members of the Texas Instruments SCOPE™ 
testability IC family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 

In the normal mode, these devices are functionally equivalent to the SN54/74BCT2952 and SN54/74ABT2952 
octal registered bus transceivers. The test circuitry can be activated by the TAP to take snapshot samples of 
the data appearing at the device pins or to perform a self test on the boundary test cells. Activating the TAP in 
normal mode does not affect the functional operation of the SCOPE™ octal registered bus transceivers. 



SN54ABT8952 . . . FK PACKAGE 
(TOP VIEW) 

O 

t— CM CO "St" O IT) CD 
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CLKBA ] 7 
CLKAB ] 8 
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A1 ] 11 

12 13 14 15 16 17 18 

nnnnnnn 



25[ B7 
24[ B8 
23[ TDI 
22[ TCK 
21 [ TMS 
20[ TDO 
19[ A8 



2 



^ in co n 
< < < < 



Data flow in each direction is contro lled by cloc k (CLKAB and CLKBA), clock-enable (CLKENAB and 
CLKENBA), and output-enable (OEAB and OEBA) inputs. For A-to-B data flow, A-bus data is stored in the 
associated registers on the low-to-high transition of CLKAB provided that CLKENAB is low. Otherwise, if 
CLKEN AB is high or CLKAB remains at a stati c low or high level, the register contents are not changed. When 
OEAB is low, the B outputs are active. When OEAB is high, the B outp uts are in th e hi gh-impe dance state. 
Control for B-to-A data flow is similar to that for A-to-B but uses CLKBA, CLKENBA, and OEBA. 



SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 
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SN54ABT8952, SN74ABT8952 

SCAN TEST DEVICES WITH 

OCTAL REGISTERED BUS TRANSCEIVERS 

SCBS1 21 B-D4506, AUGUST 1992 -REVISED AUGUST 1993 

description (continued) 

In the test mode, the normal operation of the SCOPE™ registered bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can 
perform boundary scan test operations as described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform other 
testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54ABT8952 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT8952 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 


OEAB 


CLKENAB 


CLKAB 
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. t 
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B 0 


L 


X 


L 


X 


B 0 


H 


X 


X 


X 


Z 



t A-to-B d ata flow is shown; B -to-A data flow is similar 
but uses OEBA, CLKENBA, and CLKBA. 
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functional block diagram 




TDO 



Pin numbers shown are for the DL, DW, and JT packages. 
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Terminal Functions 


PIN NAME 


DESCRIPTION 


A1 — A8 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1 -B8 


Normal-function B-bus I/O ports. Sgg function table for normal-modG logic. 


CLKAB, CLKBA 


Normal-function clock inputs. Sgg function tablo for normal-modG logic. 


CLKENAB, CLKENBA 


Normal-function clock-enable inputs. Sgg function tablo for normal-modG logic. 


GND 


Ground 


OEAB, OEBA 


Normal-function output-enable inputs. Sgg function tablo for normal-modo logic. 


TCK 


Tost clock. Ono of four pins required by IEEE Standard 1149.1-1990. Tost operations of the dovico are synchronous 
to tho tost clock. Data is captured on tho rising Gdgo of TCK and outputs change on tho falling odgo of TCK. 


TDI 


Tioct Hata inniit flno rvf fniir nine romiirorl h\/ IF-I-F- QtanHorH 11 AQ 1-1 QQH Tho tact rlata inni it ie tho corial inmit frtr 

ICdl UCUd lll|JUl. \Jt IKS Ul IUUI pillo ItJLjUIICU Uy IC_l_.i_ OldllvJClIU I 1 tv/. 1 1 J7I7L/. 1 lit? ICO I UCllCt lll|JUl IO UltJ OCI Idl lll|JUl l\JI 

shifting data through tho instruction register or selected data register. An internal pullup forces TDI to a high level if 
left unconnected. 


TDO 


Test data output. One of four pins required by IEEE Standard 1149.1-1990. The test data output is the serial output 
for shifting data through the instruction register or selected data register. 


TMS 


Test mode select. One of four pins required by IEEE Standard 1149.1-1990. The test mode select input directs the 
device through its test access port (TAP) controller states. An internal pullup forces TMS to a high level if left 
unconnected. 


v C c 


Supply voltage 
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test architecture 

Serial test information is conveyed by means of a 4-wire test bus or test access port (TAP), that conforms to IEEE 
Standard 1149.1-1990. Test instructions, test data, and test control signals are all passed along this serial test 
bus. The TAP controller monitors two signals from the test bus, namely TCK and TMS. The function of the TAP 
controller is to extract the synchronization (TCK) and state control (TMS) signals from the test bus and generate 
the appropriate on-chip control signals for the test structures in the device. Figure 1 shows the TAP controller 
state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship between the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and three test data registers: a 38-bit boundary-scan register, 
an 11 -bit boundary-control register, and a one-bit bypass register. 
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Figure 1. TAP Controller State Diagram 
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state diagram description 

The test access port (TAP) controller is a synchronous finite state machine that provides test control signals 
throughout the device. The state diagram is illustrated in Figure 1 and is in accordance with IEEE Standard 
1149.1-1990. The TAP controller proceeds through its states based on the level of TMS at the rising edge of 
TCK. 

As illustrated, the TAP controller consists of sixteen states. There are six stable states (indicated by a looping 
arrow in the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can 
retain for consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths though the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 

The state machine is constructed such that the TAP controller will return to the Test-Logic-Reset state in no'more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that will force it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'ABT8952, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0 except bits 37-36, which are reset to logic 1 . 
The boundary-control register is reset to the binary value 0000000001 0, which selects the PSA test operation 
with no input masking. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state can also be entered following data register or instruction register scans. 
Run-Test/Idle is provided as a stable state in which the test logic can be actively running a test or can be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller will 
exit either of these states on the next TCK cycle. These states are provided to allow the selection of either data 
register scan or instruction register scan. 

Capture-DR 

When a data register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK upon which the TAP controller exits the Capture-DR 
state. 
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state diagram description (continued) 
Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK upon which the TAP controller exits the Shift-DR state. 

Exit1-DR, Exit2-DR 

The Exitl -DR and Exit2-DR states are temporary states used to end a data register scan. It is possible to return 
to the Shift-DR state from either Exitl -DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exitl -DR, TDO goes from the active state to the high-impedance 
state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state provides the capability of suspending and resuming data register scan 
operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK following entry to the Update-DR state. 

Capture-IR 

When an instruction register scan is selected, the TAP controller must pass through the Capture-IR state. In the 
Capture-IR state, the instruction register captures its current status value. This capture operation occurs on the 
rising edge of TCK upon which the TAP controller exits the Capture-IR state. 

For the 'ABT8952, the status value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK upon which the TAP controller exits the Shift-IR state. 

Exit1-IR, Exit2-IR 

The Exitl -IR and Exit2-IR states are temporary states used to end an instruction register scan. It is possible to 
return to the Shift-IR state from either Exitl -IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exitl -IR, TDO goes from the active state to the high-impedance 
state. 
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state diagram description (continued) 
Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain indefinitely. 
The Pause-IR state provides the capability of suspending and resuming instruction register scan operations 
without loss of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK following entry to the Update-IR 
state. 

register overview 

With the exception of the bypass register, any test register can be thought of as a serial shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in atTDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and is used to tell the device what instruction is to be executed. 
Information contained in the instruction includes the mode of operation (either normal mode, in which the device 
performs its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the 
test operation to be performed, which of the three data registers is to be selected for inclusion in the scan path 
during data register scans, and the source of data to be captured into the selected data register during 
Capture-DR. 

Table 3 lists the instructions supported by the 'ABT8952. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 10000001 . As an instruction is shifted in, this value will be 
shifted out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the 
value that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is 
updated, and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is 
reset to the binary value 11111111 , which selects the BYPASS instruction. 

The instruction register order of scan is illustrated in Figure 2. 
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Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 38 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and two BSCs for each normal-function I/O pin (one for input data and one for output 
data). The BSR is used 1) to store test data that is to be applied internally to the inputs of the normal on-chip 
logic and/or externally to the device output pins, and/or 2) to capture data that appears internally at the outputs 
of the normal on-chip logic and/or externally at the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0 except BSCs 37-36, which are reset to logic 1 . 

The boundary-scan register order of scan is from TDI through bits 37-0 to TDO. Table 1 shows the 
boundary-scan register bits and their associated device pin signals. 



Table 1 . Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
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BSR BIT 
NUMBER 


DEVICE 
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BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
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37 


OEAB 


31 


A8-I 


23 


A8-0 


15 


B8-I 
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B8-0 


36 


OEBA 


30 


A7-I 
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A7-0 
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B7-I 
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B7-0 


35 


CLKAB 


29 


A6-I 
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A6-0 
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B6-I 
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B6-0 


34 


CLKBA 
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A5-I 
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A5-0 
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B5-I 
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B5-0 


33 


CLKENAB 


27 


A4-I 
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A4-0 


11 


B4-I 
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B4-0 


32 


CLKENBA 
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A3-I 
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A3-0 


10 


B3-I 
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B3-0 






25 


A2-I 


17 


A2-0 
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B2-I 
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B2-0 






24 


A1-I 


16 


A1-0 


8 


B1-I 


0 


B1-0 



boundary-control register 

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
pseudo-random pattern generation (PRPG), parallel signature analysis (PSA) with input masking, and binary 
count up (COUNT). Table 4 shows the test operations that are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 00000000010, which selects the PSA test operation with no input masking. 

The boundary-control register order of scan is from TDI through bits 10-0 to TDO. Table 2 shows the 
boundary-control register bits and their associated test control signals. 



Table 2. Boundary-Control Register Configuration 
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data register description (continued) 
bypass register 

The bypass register is a one-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is illustrated in 
Figure 3. 





BitO 




— — ► 


► 



Figure 3. Bypass Register Order of Scan 



Table 3. Instruction Register Opcodes 



BINARY CODEt 
BIT 7 -> BIT 0 
MSB — > LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


INTEST 


Boundary scan 


Boundary scan 


Test 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



* Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8952. 
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instruction register opcode description 

The instruction register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 

boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The 
boundary-scan register is selected in the scan path. Data appearing at the device input pins is captured in the 
input BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data 
that has been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data that 
has been scanned into the output BSCs is applied to the device output pins. The device operates in the test 
mode. 

bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The 
boundary-scan register is selected in the scan path. Data appearing at the device input pins is captured in the 
input BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The 
device operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE P1 149.1 A HIGHZ instruction. The bypass register is selected in the scan 
path. A logic 0 value is captured in the bypass register during Capture-DR. The device operates in a modified 
test mode in which all device I/O pins are placed in the high-impedance state, the device input pins remain 
operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE P1149.1 A CLAMP instruction. The bypass register is selected in the scan 
path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input BSCs is applied 
to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device output pins. The 
device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the boundary-control register 
is executed during Run-Test/ldle. The five test operations decoded by the boundary-control register are: sample 
inputs/toggle outputs (TOPSIP), pseudo-random pattern generation (PRPG), parallel signature analysis (PSA), 
simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up (PSA/COUNT). 

boundary read 

\ The boundary-scan register is selected in the scan path. The value in the boundary-scan register remains 

unchanged during Capture-DR. This instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The boundary-scan register is selected in the scan path. All BSCs capture the inverse of their current values 
during Capture-DR. In this way, the contents of the shadow latches can be read out to verify the integrity of both 
shift register and shadow latch elements of the boundary-scan register. The device operates in the normal 
mode. 
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instruction register opcode description (continued) 
boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift- register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/ldle and is then updated in the shadow latches and thereby applied to the associated device 
output pins on each falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in 
the input BSCs. The device operates in the test mode. 

boundary-control register scan 

The boundary-control register is selected in the scan path. The value in the boundary-control register remains 
unchanged during Capture-DR. This operation must be performed prior to a boundary run test operation in order 
to specify which test operation is to be executed. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -» BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


X10 


Parallel signature analysis/1 6-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 



boundary-control register opcode description 

The boundary-control register opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test 
operation is performed while the RUNT instruction is executed in the Run-Test/Idle state. The following 
descriptions detail the operation of each BCR instruction and illustrate the associated PSA and PRPG 
algorithms. 

It should be noted, in general, that while the control input BSCs (bits 37-32) are not included in the sample, 
toggle, PSA, PRPG, or COUNT algorithms, the output-enable BSCs (bits 37-36 of the BSR) do control the drive 
state (active or high impedance) of the selected device output pins. It also should be noted that th e se BCR 
instructions are only valid when the device is operating in one direction of data flow (that is, OEAB * OEBA). 
Otherwise, the bypass instruction is operated. 

PSA input masking 

Bits 10-3 of the boundary-control register are used to specify device input pins to be masked from PSA 
operations. Bit 1 0 selects masking for device input pin A8 during A-to-B data flow or for device input pin B8 during 
B-to-A data flow. Bit 3 selects masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, 
respectively. Bits intermediate to 1 0 and 3 mask corresponding device input pins in order from most significant 
to least significant, as indicated in Table 3. When the mask bit which corresponds to a particular device input 
has a logic 1 value, the device input pin is masked from any PSA operation, meaning that the state of the device 
input pin is ignored and has no effect on the generated signature. Otherwise, when a mask bit has a logic 0 value, 
the corresponding device input is not masked from the PSA operation. 
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boundary-control register opcode description (continued) 
sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs 
on each rising edge of TCK. This data is then updated in the shadow latches of the selected input BSCs and, 
thereby, applied to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected 
output BSCs is toggled on each rising edge of TCK and is then updated in the shadow latches and thereby 
applied to the associated device output pins on each falling edge of TCK. 

pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK and then updated in the shadow latches and thereby applied to the associated device output pins on 
each falling edge of TCK. This data is also updated in the shadow latches of the selected input BSCs and, 
thereby, applied to the inputs of the normal on-chip logic. Figures 4 and 5 illustrate the 16-bit linear-feedback 
shift-register algorithms through which the patterns are generated. An initial seed value should be scanned into 
the boundary-scan register prior to performing this operation. Note that a seed value of all zeroes will not 
produce additional patterns. 
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Figure 4. 16-Bit PRPG Configuration (OEAB = 0, OEBA = 1) 
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Figure 5. 16-Bit PRPG Configuration (OEAB=1, OEBA = 0) 
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boundary-control register opcode description (continued) 
parallel signature analysis (PSA) 

Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is then updated in the shadow 
latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. Data in the 
shadow latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 6 
and 7 illustrate the 1 6-bit linear-feedback shift-register algorithms through which the signature is generated. An 
initial seed value should be scanned into the boundary-scan register prior to performing this operation. 
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Figure 6. 16-Bit PSA Configuration (OEAB = 0, OEBA = 1) 
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Figure 7. 16-Bit PSA Configuration (OEAB = 1, OEBA = 0) 
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boundary-control register opcode description (continued) 
simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. At 
the same time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output 
BSCs on each rising edge of TCK and then updated in the shadow latches and, thereby, applied to the 
associated device output pins on each falling edge of TCK. Figures 8 and 9 illustrate the 8-bit linear-feedback 
shift-register algorithms through which the signature and patterns are generated. An initial seed value should 
be scanned into the boundary-scan register prior to performing this operation. Note that a seed value of all 
zeroes will not produce additional patterns. 
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Figure 8. 8-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 1) 
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Figure 9. 8-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 0) 
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boundary-control register opcode description (continued) 
simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and, thereby, applied to the inputs of the normal on-chip logic. At 
the same time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output 
BSCs on each rising edge of TCK and then updated in the shadow latches and, thereby, applied to the 
associated device output pins on each falling edge of TCK. In addition, the shift-register elements of the opposite 
output BSCs are used to count carries out of the selected output BSCs and, thereby, extend the count to 1 6 bits. 
Figures 10 and 11 illustrate the 8-bit linear-feedback shift-register algorithms through which the signature is 
generated. An initial seed value should be scanned into the boundary-scan register prior to performing this 
operation. 
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Figure 10. 8-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 1) 
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Figure 11. 8-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 0) 
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timing description 

All test operations of the 'ABT8952 are synchronous to the test clock (TCK). Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as illustrated in 
Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is illustrated in Figure 12. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction register scan 
and one data register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 explains 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test- Log ic- Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/ldle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 1 3, TMS is changed to a logic 1 value to end the instruction register scan 
on the next TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR 
to ExitMR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 1 01 is shifted in via TDI, while the binary value 01 0 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select- 1 R-Scan 




25 


Test-Logic-Reset 


Test operation completed 



"4? Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 9-113 



SN54ABT8952, SN74ABT8952 

SCAN TEST DEVICES WITH 

OCTAL REGISTERED BUS TRANSCEIVERS 

SCBS1 21 B - D4506, AUGUST 1 992 - REVISED AUGUST 1 993 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 



TMS |_J "~ |_ 

TDI 
TDO 



i_r 



TAP 
Controller 
State 



Reset 


st/ldle 


-Scan 


-Scan 


ure-IR 


IE 


o 
"5> 




-DR 


t-IR 


apti 


C/? 


o 
_j 

w 


Run 


elect 


Selec 


O 




.2 




c/) 









QC 
Q 



|q5I 3-State (TDO) or Don't Care (TDI) 

Figure 12. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output In the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q\ SN54ABT8952 96 mA 

SN74ABT8952 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v 0 < °) • -50 mA 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

recommended operating conditions (see Note 2) 







SN54ABT8952 


SN74ABT8952 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 f 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current ' 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°c 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT8952 


SN74ABT8952 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l| =-18 mA 


-1.2 


-1.2 


-1.2 


V 


v OH 


V C C = 4.5V, l 0 H=-3mA 


2.5 


2.5 


2.5 




V C C = 5V, l 0 H = -3mA 


3 


3 


3 


V C c = 4.5 V, l 0 H = -24mA 


2 


2 




Vcc = 4.5 V, Iqh = - 32 mA 


2* 




2 


VOL 


Vcc = 4.5 V, l 0 L = 48 mA 


0.55 


0.55 




y 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


l| 


V C C = 5.5 V, 
V| = V C C orGND 


CLK, CLKEN, 
OE, TCK 


±1 


±1 


' ±1 


uA 


A or B ports 


±100 


±100 


±100 


llH 


V C C = 5-5 V, V| = V C C 


TDI, TMS 


10 


10 


10 


uA 


IlL 


V C C = 5.5 V, V| = GND 


TDI, TMS 


-160 


-160 


-160 


uA 


>OZH § 


V C C = 5-5 V, V 0 = 2.7 V 


50 


50 


50 


uA 


'OZL § 


V C C = 5.5 V, V O = 0.5V 


-50 


-50 


-50 


uA 


'off 


Vcc = 0. v l or v O ^ 5.5 V 


±100 




±100 


uA 


'CEX 


V C C = 5.5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


uA 




V C C = 5.5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5-5 V, 

io = o. 

V| = Vcc or GND 


A or B 
ports 


Outputs high 


0.9 2 


2 


2 


mA 


Outputs low 


30 38 


38 


38 


Outputs disabled 


0.9 2 


2 


2 


Alec* 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






pF 




V 0 = 2.5 V or 0.5 V 


A or B ports 


10 






PF 


Co 


Vq = 2.5 V or 0.5 V 


TDO 


8 






pF 



t All typical values are at Vcc = 5 V. 

t-On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH an d 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 









SN54ABT8952 


SN74ABT8952 


UNIT 








MIN 


MAX 


MIN 


MAX 


fclock 


Clock frequency 


CLKAB or CLKBA 


0 


1tt> 


0 


100 


MHz 


t w 


Pulse duration 


CLKAB or CLKBA high or low 


3 -V 


3 


ns 


*su 


Setup time 


A before CLKABt or B before CLKBAt 


4.5; ' 


4.5 


ns 


CLKEN before CLKT 


4.B 


4.5 


th 


Hold time 


A after CLKABt or B after CLKBAt 


0 


0 


ns 


CLKEN after CLKt 


0 


0 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 








SN54ABT8952 


SN74ABT8952 


UNIT 








MIN 


MAX 


MIN 


MAX 


f clock 


Clock frequency 


TCK 


0 


50 


0 


50 


MHz 


t w 


Pulse duration 


TCK high or low 


5 


5 


ns 






A, B, CLK, CLKEN, or OE before TCKt 


5 


5 




*su 


Setup time 


TDI before TCKt 


6 . 


6 


ns 






TMS before TCKt 


6 ; 


6 








A, B, CLK, CLKEN, or OE after TCKt 


0 


0 




th 


Hold time 


TDI after TCKt 




0 


ns 






TMS after TCKt 


> o 


0 




td 


Delay time 


Power up to TCKt 


50 


50 


ns 


tr 


Rise time 


V"cc power up 


1 


1 


us 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT8952 


SN74ABT8952 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 


CLK 


AorB 


100 


130 




100 


100 


MHz 


tPLH 


CLKAB or CLKBA 


B or A 


3 


4.6 


5.4 


3 


6.5 


3 


6.3 


ns 


tPHL 


2.5 


3.8 


4.6 


2.5 


5.5 


2.5 


5.3 


tpZH 




Bor A 


2 


4.1 


4.9 


2' 


5.9 


2 


5.8 


ns 


tpZL 


OEAB or OEBA 


2.5 


4.7 


5.5 


2,5 


7.1 


2.5 


6.9 


tPHZ 


OEAB or OEBA 


Bor A 


2.5 


5.3 


6.1 


2.5 


7.5 


2.5 


7.3 


ns 


tPLZ 


3 


4.5 


5.3 


3 


6.3 


3 


6.1 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT8952 


SN74ABT8952 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 


TCK 




50 


90 




50 


50 


MHz 


tPLH 


TCKl 


AorB 


3.5 


8 


9.5 


3.5 


12.5 


3.5 


12 


ns 


tPHL 


3 


7.7 


9 


3 


12 


3 


11.5 


tPLH 


TCKl 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


2.5 


6.5 


ns 


tPHL 


2.5 


4.2 


5.5 


2.5 


7 


2.5 


6.5 


IPZH 


TCKl 


AorB 


4.5 


8.2 


9.5 


4.5 


12.5 


4.5 


12 


ns 


tpZL 


4.5 


9 


10.5 


4.5 


13.5 


4.5 


13 


tpZH 


TCKl 


TDO 


2.5 


4.3 


5.5 


ZB 


7 


2.5 


6.5 


ns 


tpZL 


2.5 ' 


4.9 


6 


2.5 


7.5 


2.5 


7 


tPHZ 


TCKl 


AorB 


3.5 


8.4 


10.5 


3.5 


14 


3.5 


13.5 


ns 


tPLZ 


3 


8 


10.5 


3 


13.5 


3 


13 


tPHZ 


TCKl 


TDO 


3 


5.9 


7 


3 


9 


3 


8.5 


ns 


tPLZ 


3 


5 


6.5 


3 


8 


3 


7.5 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 Q 

-VW— 



500 Q 



S1, 



p 7V 
O Open 

9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ/tpZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— y ~~ y — 

Input 1.5 V% A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



OV 



Timing Input 



Data Input 



*su 1 *h 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
OV 



3V 
OV 



Input 
i Note B) 



Output 



Output 



ZX 15V Xii 



3V 
OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL-^ 



i 



j t PLZ -»j \t~ 



*PZH ->| |<- 



\1.5V \S 

tpHZ ~M \k~ 



3V 
OV 

3.5 V 

vol 



VQH-0.3V V ° H 
— «0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Ail input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zrj = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. , 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 13. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Members of the Texas Instruments 
Widebus ™ Family 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 
SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and P1 149.1 A CLAMP and 
HIGHZ 

- Parallel Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Packaged in Plastic 300-mil Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT18245 ... WD PACKAGE 
SN74ABT18245 . . . DL PACKAGE 
(TOP VIEW) 
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OO 


1 1 A1 
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I DO L 
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1 1 A*3 
J I MO 


1 B4 [ 




51 


] 1A4 
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J 


0\J 


J V CC 


1 r 

I DO L 


o 
0 


AQ 


1 1 

J I MO 


1 rr r 

I Do L 


Q 

S3 


40 


1 1 Afi 
J I MO 


1 R7 r 

ID/ L 


1 0 


47 


1 1 A7 
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■j-j 


AR 
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12 


45 


] 1A8 


1 rq r 


IO 


44 


] 1A9 


9R1 r 

^D I L 


14 


43 


1 9A1 


9Ro r 


1 c: 
I o 


AO 


1 9A9 


9R^ r 

&DO L 


16 


41 


1 9A^ 


2B4 [ 


■\j 


40 


1 2A4 


GND [ 


18 


39 


] GND 


2B5[ 


19 


38 


]2A5 


2B6[ 


20 


37 


]2A6 


2B7[ 


21 


36 


]2A7 


v cc [ 


22 


35 


]v cc 


2B8[ 


23 


34 


]2A8 


2B9[ 


24 


33 


]2A9 


gnd[ 


25 


32 


]GND 


2DIR[ 


26 


31 


] 20E 


TDO[ 


27 


30 


]TDI 


TMS[ 


28 


29 


]tck 



The SN54ABT18245 and SN74ABT18245 scan 
test devices with 18-bit bus transceivers are 
members of the Texas Instruments SCOPE™ 
testability IC family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 

In the normal mode, these devices are 1 8-bit noninverting bus transceivers. They can be used either as two 9-bit 
transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers. 

Data flow is controlled by the direction-control (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus depending upon the logic level at DIR. The 
output-enable (OE) can be used to disable the device so that the buses are effectively isolated. 

In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is 
enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform 
boundary scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 



SCOPE, Widebus, and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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description (continued) 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform 
other testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation 
from data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN74ABT1824§ is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT1 8245 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 8245 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(normal mode, each 9-bit section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 
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functional block diagram 



1DIR 



56 



10E 



55 j 
1A1 | 



2DIR 



20E 



2A1 



26 



31 



43 



Boundary-Scan Register 



3D- 




One of Nine Channels 



One of Nine Channels 




1B1 




14 



2B1 



TDI 



TMS 



TCK 



vccj 

30 j 

vccj 

28 j 
29 



Bypass Register 



Boundary-Control 
Register 



Identification 
Register 



Instruction Register 



TAP 
Controller 



27 



- TDO 
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Terminal Functions 


PIN NAME 


DESCRIPTION 


GND 


Ground 


TCK 


Test clock. One of four pins required by IEEE Standard 1 1 49. 1 -1 990. Test operations of the device are synchronous to the test 
clock. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four pins required by IEEE Standard 1 1 49.1-1 990. The test data input is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four pins required by IEEE Standard 1 1 49.1-1 990. The test data output is the serial output for shifting 
data through the instruction register or selected data register. 


TMS 


Test mode select. One of four pins required by IEEE Standard 1149.1-1990. The test mode select input directs the device 
through its test access port (TAP) controller states. An internal pullup forces TMS to a high level if left unconnected. 


V CG 


Supply voltage 


1A1-1A9, 
2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9, 
2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1DIR, 2DIR 


Normal-function direction controls. See function table for normal-mode logic. 


10E,20E 


Normal-function output enables. See function table for normal-mode logic. 
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test architecture 

Serial test information is conveyed by means of a 4-wire test bus or test access port (TAP), that conforms to I EEE 
Standard 1149.1-1990. Test instructions, test data, and test control signals are all passed along this serial test 
bus. The TAP controller monitors two signals from the test bus, namely TCK and TMS. The function of the TAP 
controller is to extract the synchronization (TCK) and state control (TMS) signals from the test bus and generate 
the appropriate on-chip control signals for the test structures in the device. Figure 1 shows the TAP controller 
state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship between the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and four test data registers: a 44-bit boundary-scan register, a 
3-bit boundary-control register, a 1-bit bypass register, and a 32-bit device identification register. 



TMS = H 



TMS = L 




Test-Logic-Reset 



> 



TMS = L 



Run-Test/Idle 



>TMS = H y 





Select-DR-Scan 



< 



> 



TMS = H 



< 



TMS = L 



Capture-DR 



y 



TMS = H TMS = H 



TMS = L 



Shift-DR 



> 



TMS = H 



^ Exit! -PR ^ 



TMS = L 



Pause-DR 



> 



TMS = H 



Exit2-DR 



y 



TMS = L 



TMS = H 



Update-DR 



TMS = H 



> 



TMS = L 



TMS = L 



Select-IR-Scan 



< 



< 



< 



< 



< 



< 



y 



TMS = H 



TMS = L 



Capture-IR 



TMS = L 



Shift-IR 



TMS = H 




TMS = H 



Exit1-IR 



TMS = L 



Pause-IR 



TMS = H 




Exit2-IR 



TMS = H 
Update-IR \<- 



TMS = H 



TMS = L 



Figure 1 . TAP Controller State Diagram 
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state diagram description 

The test access port (TAP) controller is a synchronous finite state machine that provides test control signals 
throughout the device. The state diagram is illustrated in Figure 1 and is in accordance with IEEE Standard 
1149.1-1990. The TAP controller proceeds through its states based on the level of TMS at the rising edge of 
TCK. 

As illustrated, the TAP controller consists of sixteen states. There are six stable states (indicated by a looping 
arrow in the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can 
retain for consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths though the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the , ABT18245, the instruction register is reset to the binary value 10000001 , which selects the IDCODE 
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to 
the binary value 01 0, which selects the PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state can also be entered following data register or instruction register scans. 
Run-Test/ldle is provided as a stable state in which the test logic can be actively running a test or can be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states are provided to allow the selection of either data 
register scan or instruction register scan. 

Capture-DR 

When a data register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK upon which the TAP controller exits the Capture-DR 
state. 



Shift-DR 



Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK upon which the TAP controller exits the Shift-DR state. 
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state diagram description (continued) 
Exit1-DR, Exit2-DR 

The Exitl -DR and Exit2-DR states are temporary states used to end a data register scan. It is possible to return 
to the Shift-DR state from either Exitl -DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exitl -DR, TDO goes from the active state to the high-impedance 
state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state provides the capability of suspending and resuming data register scan 
operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK following entry to the Update-DR state. 

Capture-IR 

When an instruction register scan is selected, the TAP controller must pass through the Capture-IR state. In the 
Capture-IR state, the instruction register captures its current status value. This capture operation occurs on the 
rising edge of TCK upon which the TAP controller exits the Capture-IR state. 

For the 'ABT18245, the status value loaded in the Capture-IR state is the fixed binary value 10000001 . 
Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK upon which the TAP controller exits the Shift-IR state. 

Exit1-IR, Exit2-IR 

The Exitl -IR and Exit2-IR states are temporary states used to end an instruction register scan. It is possible to 
return to the Shift-IR state from either Exitl -IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exitl -IR, TDO goes from the active state to the high-impedance 
state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain indefinitely. 
The Pause-IR state provides the capability of suspending and resuming instruction register scan operations 
without loss of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass and device identification registers, any test register can be thought of as a serial 
shift register with a shadow latch on each bit. The bypass and device identification registers differ in that they 
contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and is used to tell the device what instruction is to be executed. 
Information contained in the instruction includes the mode of operation (either normal mode, in which the device 
performs its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the 
test operation to be performed, which of the four data registers is to be selected for inclusion in the scan path 
during data register scans, and the source of data to be captured into the selected data register during 
Capture-DR. 

Table 3 lists the instructions supported by the 'ABT18245. The even-parity feature specified for SCOPE™ 
devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are 
defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the I R is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 1 0000001 , which selects the IDCODE instruction. 

The instruction register order of scan is illustrated in Figure 2. 
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Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 44 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, one BSC for each normal-function I/O pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (10EA, 20EA, 10EB, 
20EB). The BSR is used 1) to store test data that is to be applied externally to the device output pins, and/or 
2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0. 

When external data is to be captured, the BSCs for signals 1 0EA, 20EA, 1 QEB , and2Q EB captur e logi c values 
determin ed by the following pos itive-logic equations: 10EA= 10E • 1DIR, 20EA = 20E • 2DIR, 
10EB = 10E • DIR, and 20EB = 20E • DIR. When data is to be applied externally, these BSCs control the 
drive state (active or high impedance) of their respective outputs. 

The boundary-scan register order of scan is from TDI through bits 43-0 to TDO. Table 1 shows the 
boundary-scan register bits and their associated device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 
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NUMBER 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BGR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include pseudo-random pattern generation (PRPG), parallel signature analysis (PSA), and binary count up 
(COUNT). Table 4 shows the test operations that are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 01 0, which selects the PSA test operation. 

The boundary-control register order of scan is illustrated in Figure 3. 
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Figure 3. Boundary-Control Register Order of Scan 
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data register description (continued) 
bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is illustrated in 
Figure 4. 





BitO 




— — ► 


► 



Figure 4. Bypass Register Order of Scan 

device identification register 

The device identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

During Capture-DR, the binary value 00000000000000000101000000101111 (0000502F, hex) is captured in 
the device identification register to identify this device as Texas Instruments SN54/74ABT1 8245, version 0. 

The device identification register order of scan is from TDO through bits 31 -0 to TDO. Table 2 shows the device 
identification register bits and their significance. 



Table 2. Device Identification Register Configuration 
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t Note that for Tl products, bits 1 1-0 of the device identification register always contains the binary value 0000001 01111 (02F, 
hex). 
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Table 3. Instruction Register Opcodes 



BINARY CODEt 
BIT7->BIT0 

MQR __ 1 CR 
MOD — ? L9D 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


\J\JU\J\J\J\J\J 


EXTEST 


Boundary scan 




Boundary scan 


Test 


I UUUUUU I 




Identification read 


Device identification 


Normal 


I UUUUU I u 


OMIVI r L. CJ r ri C LU MU 


Sample boundary 


Boundary scan 


Normal 


UUUUUU I I 


D T rnOO+ 


Bypass scan 


Bypass 


Normal 


l uuuui uu 


RVDACCt 
D T rAoo+ 


Bypass scan 


Bypass 


Normal 


UUUUU 1 U 1 


RVPAQQt 
D T rftoot 


Bypass scan 


pypass 


Morm a 1 


UUUUU I I u 


nionz. 


Control boundary to high impedance 


Bypass 


KAf\Mifiari tact 


I UUUU I I I 


PM AMP 


Control boundary to 1/0 


Bypass 


lesi 


1 UUU1UUU 


RVDACCt 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Rni inrlarv n in tp«?t 




Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan* 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

tThe BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the , ABT18245. 



instruction register opcode description 

The instruction register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 

boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The boundary-scan register 
is selected in the scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. 
Data that has been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data 
scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at the device 
I/O pins is passed through the I/O BSCs to the normal on-chip logic. For I/O pins, the operation of a pin as input 
or output is determined by the contents of the output-enable BSCs (bits 43-40 of the BSR). When a given output 
enable is active (logic 1), the associated I/O pins operate in the output mode. Otherwise, the I/O pins operate 
in the input mode. The device operates in the test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The device identification 
register is selected in the scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The 
boundary-scan register is selected in the scan path. Data appearing at the device input pins and I/O pins in the 
input mode is captured in the associated BSCs, while data appearing at the outputs of the normal on-chip logic 
is captured in the BSCs associated with I/O pins in the output mode. The device operates in the normal mode. 
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instruction register opcode description (continued) 
bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE P1 149.1 A HIGHZ instruction. The bypass register is selected in the scan 
path. A logic 0 value is captured in the bypass register during Capture-DR. The device operates in a modified 
test mode in which all device I/O pins are placed in the high-impedance state, the device input pins remain 
operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE P1 149.1 A CLAMP instruction. The bypass register is selected in the scan 
path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input BSCs is applied 
to the inputs of the normal on-chip logic, while data in the I/O BSCs for pins in the output mode is applied to the 
device I/O pins. The device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the boundary-control register 
is executed during Run-Test/Idle. The five test operations decoded by the boundary-control register are: sample 
inputs/toggle outputs (TOPSIP), pseudo-random pattern generation (PRPG), parallel signature analysis (PSA), 
simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up (PSA/COUNT). 

boundary read 

The boundary-scan register is selected in the scan path. The value in the boundary-scan register remains 
unchanged during Capture-DR. This instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The boundary-scan register is selected in the scan path. All BSCs capture the inverse of their current values 
during Capture-DR. In this way, the contents of the shadow latches can be read out to verify the integrity of both 
shift register and shadow latch elements of the boundary-scan register. The device operates in the normal 
mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs* is toggled on each rising 
edge of TCK in Run-Test/Idle and is then updated in the shadow latches and thereby applied to the associated 
device I/O pins on each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. 
Data appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in 
the test mode. 

boundary-control register scan 

The boundary-control register is selected in the scan path. The value in the boundary-control register remains 
unchanged during Capture-DR. This operation must be performed prior to a boundary run test operation in order 
to specify which test operation is to be executed. 
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Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2-> BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel signature analysls/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/1 8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/1 8-bit mode (PSA/COUNT) 



boundary-control register opcode description 

The boundary-control register opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test 
operation is performed while the RUNT instruction is executed in the Run-Test/ldle state. The following 
descriptions detail the operation of each BCR instruction and illustrate the associated PSA and PRPG 
algorithms. 

In general, while the control input BSCs (bits 43-36) are not included in the toggle, PSA, PRPG, or COUNT 
algorithms, the output-enable BSCs (bits 43-40 of the BSR) control the drive state (active or high impedance) 
of the selected device output pins. These BCR instructions are only valid when both bytes of the device are 
operating in one direction of data flow (that is, 1 0EA * 1 0EB and 20EA * 20EB) and in the same direction of 
data flow (that is, 10EA = 20EA and 10EB = 20EB). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 

pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the boundary-scan register prior to 
performing this operation. A seed value of all zeroes will not produce additional patterns. 
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2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

-► 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



T f 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-1/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 5. 36-Bit PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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1A9-1/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-1/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 6. 36-Bit PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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boundary-control register opcode description (continued) 

parallel signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the boundary-scan register prior to performing this operation. 
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B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 7. 36-Bit PSA Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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Figure 8. 36-Bit PSA Configuration (1 OEA = 20EA = 1,1 OEB = 20EB = 0) 
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boundary-control register opcode description (continued) 

simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 1 8-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 1 8-bit 
pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 9 and 10 illustrate the 18-bit linear-feedback shift-register algorithms through which the 
signature and patterns are generated. An initial seed value should be scanned into the boundary-scan register 
prior to performing this operation. A seed value of all zeroes will not produce additional patterns. 
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Figure 9. 1 8-Bit PSA/PRPG Configuration (1 OEA = 20EA = 0, 1 0EB = 20EB = 1 ) 
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© = 3 1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 1 0. 18-Bit PSA/PRPG Configuration (1 OEA = 20EA = 1,1 OEB = 20EB = 0) 
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boundary-control register opcode description (continued) 

simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 1 8-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 1 8-bit 
binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 11 and 12 illustrate the 18-bit linear-feedback shift- register algorithms through which the 
signature is generated. An initial seed value should be scanned into the boundary-scan register prior to 
performing this operation. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 
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2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



LSB 



□ ggggggggg 

(+)=)) \- 1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 11. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



»5 ggggggggg 

(+) = _ JJ 1A9-I/0 1A8-I/0 1A7-VO 1A6-I/0 1A5-I/0 1A4-I/0 1A3-1/0 1A2-I/0 1A1-I/0 

Figure 12. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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timing description 

All test operations of the 'ABT18245 are synchronous to the test clock (TCK). Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as illustrated in 
Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is illustrated in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction register scan 
and one data register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 explains 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture- 1 R 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the I R. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 1 3, TMS is changed to a logic 1 value to end the instruction register scan 
on the next TCK cycle. The last bit of the .instruction is shifted as the TAP controller advances from Shift-IR 
toExitt-IR. 


14 


Exitl-IR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic^Reset 


Test operation completed 
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TMS 



L 



TDI 



TDO 



TAP 
Controller 
State 



3-State (TDO) or Don't Care (TDI) 

Figure 13. Timing Example 



DC 
Q 

!c 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc ••■ ■ -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT18245 . 96 mA 

SN74ABT18245 128 mA 

Input clamp current, l|« (V| < 0) ' -18 mA 

Output clamp current, Iqk ( v o < °) ■ -50mA 

Continuous current through Vcc 576 mA 

Continuous current through GND 1 1 52 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2) 950 mW 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. For the SN74ABT1 8245 (DL package), the power derating factor for ambient temperatures greater than 55°C is -1 1 .3 mW/°C. 
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recommended operating conditions (see Note 3) 







SN54ABT18245 


SN74ABT18245 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 3: Unused or floating pins (input or I/O) must be held high or low. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT18245 


SN74ABT18245 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C C = 4.5 V, l|=-18mA 


-1-2 


-1.2 


-1 .2 


V 


VOH 


V C C = 4.5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, l 0 H = -3mA 


3 


3 


3 


Vcc = 4 - 5 V, Iqh = - 24 mA 


2 


2 




V C C = 4.5 V, l0H=-32mA 


2* 




2 


vol 


V C C = 4-5V 


lOL = 48 mA 


0.55 


0.55 




V 


Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5-5 V, 
V| = V C C o r GND 


DIR, OE, TCK 


±1 


±1 


±1 


»A 


A or B ports 


±1 00 


±100 


±1 00 


"IH 


V C C = 5-5 V, 
V| = V CC 


TDI, TMS 


10 


10 


10 


|iA 


"IL 


V C C = 5-5 V, 
V| = GND 


TDI, TMS 


-150 


-150 


-150 


|iA 


'OZH§ 


V C C = 5.5 V, V 0 = 2.7 V 


50 


50 


ou 


ii A 


'OZL§ 


V C C = 5.5 V, Vo = 0.5 V 


—50 


—50 


—50 


■ ■A 


'OZPU 


Vcc = 0 to 2 V, 
Vo = 2.7 V or 0.5 V 


OE = 0.8 V 


±50 


±50 


±50 


|iA 


'OZPD 


V C C = 2 Vto 0, 
Vo = 2.7 V or 0.5 V 


OE = 0.8 V 


±50 


±50 


±50 


|iA 


'off 


Vcc = 0, V| or Vq < 4.5 V 


±100 


±450 


±100 


liA 


'CEX 


V C C = 5.5 V, 
V 0 = 5.5 V 


Outputs high 


50 


50 


50 


^iA 




V C C = 5.5 V, Vq = 2.5 V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


'cc 


V C C = 5-5 V, 

io = o, 

V| = Vcc or GND 


A or B 
ports 


Outputs high 


3.5 5 


5 


5 


mA 


Outputs low 


33 38 


38 


38 


Outputs disabled 


2.9 4.5 


4.5 


4.5 


Alcc # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


50 


50 


50 




Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 


Qo 


Vq = 2.5 V or 0.5 V 


A or B ports 


10 






pF 


C 0 


V 0 = 2.5 V or 0.5 V 


TDO 


8 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH ancl 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 





SN54ABT18245 


SN74ABT18245 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 


8.1 


8.1 


ns 


t su Setup time 


A, B, DIR, or OE before TCKt 


7 <, 


7 


ns 


TDI before TCKt 


4.5 :y 


4.5 


TMS before TCKt 


3.6 , " 


3.6 


th Hold time 


A, B, DIR, or OE after TCKt 




0 


ns 


TDI after TCKT 




0 


TMS after TCKt 


,~;;0.5 


0.5 


trj Delay time 


Power up to TCKt 


50 


50 


ns 


t r Rise time 


Vcc power up 


1 


1 


us 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT18245 


SN74ABT18245 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A or B 


Bor A 


1.5 


2.8 


4.1 


1.5 


i.1 


1.5 


4.8 


ns 


tPHL 


1.5 


3.1 


4.6 


1.5 


5.8 


1.5 


5.4 


tPZH 


OE 


Bor A 


3 


5.9 


6.8 


34. 


9.1 


3 


8.5 


ns 


tPZL 


3 


6.3 


7.2 


3 9.5 


3 


9 


tPHZ 


OE 


Bor A 


3 


7.4 


8.6 


: 3 


10.4 


3 


9.5 


ns 


tPLZ 


3 


6.6 


8.6 


3 


10.2 


3 


9.5 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT18245 


SN74ABT18245 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f max 


TCKi 




50 


90 




50 


50 


MHz 


tPLH 


TCKi 


A or B 


3 


7.1 


10.1 


3 


14 


3 


13.1 


ns 


tPHL 


3 


7 


10.1 


3 


13.8 


3 


12.8 


tPLH 


TCrU 


TDO 


2 


3.4 


5 


2 


6,4 


2 


6.1 


ns 


tPHL 


2 


3.9 


5.6 


2 


, 7 


2 


6.5 


tpZH 


TCrU 


A or B 


4 


7.5 


10.6 


4 


14.1 


4 


13.4 


ns 


t PZL 


4 


7.6 


10.5 


4 


14.3 


4 


13.6 


tpZH 


TCKi 


TDO 


2 


3.8 


5.5 


-2 


7 


2 


6.6 


ns 


tPZL 


2.5 


4 


5.7 


2.5 


7.3 


2.5 


6.9 


tPHZ 


TCKi 


A or B 


3.5 


7.7 


10.8 


3.5 


14.4 


3.5 


13.6 


ns 


tPLZ 


2.5 


7.1 


10.1 


2.5 


13.8 


2.5 


12.7 


*PHZ 


TCK4 


TDO 


2 


3.9 


5.7 


2 


7.5 


2 


7.2 


ns 


tPLZ 


1.5 


3.5 


5.4 


1.5 


6.7 


1.5 


6.3 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 

-AA/V- 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLHftPHL 
tPLZ^PZL 
tPHZ/tpZH 


Open 
7 V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



3V 
OV 



Input 
(see Note B) 



Output 



Output 



X 15V 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



tpzL -J\ k— 



Output 
Waveform 1 
S1at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tPLZ ~H 



3 V 
0V 

3.5 V 



tpZH-^| |4- 

I 



V 5V |K ^_v VQL 

tpHZ->t f- 



r i 



- 3~V V ° H 



« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cj_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 14. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Members of the Texas Instruments 
Widebus™ Family 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 
and Boundary-Scan Architecture 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

State-of-the-Art EPIC-WB™ BiCMOS Design 
Significantly Reduces Power Dissipation 



One Boundary-Scan Cell per I/O 
Architecture Improves Scan Efficiency 
SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and P1 149.1 A CLAMP and 
HIGHZ 

- Parallel Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
Packages Using 0.5-mm Center-to-Center 
Spacings and 68-Pin Ceramic Quad Flat 
Packages Using 25-mil Center-to-Center 
Spacings 



CM t- 
< < 



SN54ABT18502A . . . HV PACKAGE 
(TOP VIEW) 



CD 



CO 

5j q a i o 



> 8 ^ 



< 

CD < 
* CQ 



< 

CQ 
LU 

O g CQ DD I CQ 



Q ^ 



1A3 


[ 


10 


1A4 


[ 


11 


1A5 


[ 


12 


GND 


[ 


13 


1A6 


[ 


14 


1A7 


[ 


15 


1A8 


[ 


16 


1A9 


[ 


17 


NC 


c 


18 


v C c 


[ 


19 


2A1 


[ 


20 


2A2 


c 


21 


2A3 


[ 


22 


GND 


[ 


23 


2A4 


[ 


24 


2A5 


[ 


25 


2A6 


[ 


26 



987654321 68 67 66 65 64 63 62 61 



27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 4 3 

JUUUUUUUUUUUuuul 



] 1B4 
] 1B5 
] 1B6 
] GND 
] 1B7 
] 1B8 
] 1B9 

]v cc 

] NC 
] 2B1 
] 2B2 
] 2B3 
] 2B4 
] GND 
]2B5 
]2B6 
]2B7 



< < 
CM CM 



CM § 



CQ CQ CQ o Q 

< < < 9. 

LU LU it 

O — I — I 

Sw 8 



O * 



< < Q 

CQ CQ Z 

^ LU CD 

_l _l ^ 

Q CM 
CM 



< O) CO 
CQ CQ CQ 
LU CM CM 

o 

CM 



NC - No internal connection 



SCOPE, Widebus, UBT, and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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SN74ABT18502A . . . PM PACKAGE 
(TOP VIEW) 



CM t- 
< < 



CD 

2 =j o 



00 
< 

LLJ Q 



< 

CD 

_ O CO ^ 
p O^o 



9 t- CM CO 
g CQ CD CO 



nnnnnnnnnnnnnnnn 



1A3 C 1 
1A4 [ 2 
1A5 C 3 

GND [ 4 
1A6 [ 5 
1A7 [ 6 
1A8 L 7 
1A9 C 8 

V CC E9 
2A1 C 10 
2A2 [ 11 
2A3 C 12 

GND [ 13 
2A4 [ 14 
2A5 C 15 
2A6 [ 16 



64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 



17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

UUUUUU'UUUUUU ' UUUU 



48 ] 1B4 
47 ] 1B5 
46 ] 1B6 
45 ] GND 
44 ] 1B7 
43 ] 1B8 
42 ] 1B9 
41 ]V CC 
40 ] 2B1 
39 ] 2B2 
38 ] 2B3 
37 ] 2B4 
36 ] GND 
35 3 2B5 
34 ] 2B6 
33 ] 2B7 



< < < 2" 
CM CM CM g 



CQ CQ CQ 

< < < 

LU LU 2 

O - 1 - 1 



q O * < < Q 

P O O CQ CQ Z 

> h ^ uj n 
i i 

O CM 
CM 



< CD CO 
CQ CQ CQ 
LU CM CM 

o 

CM 



description 



The SN54ABT1 8502A and SN74ABT1 8502A scan test devices with 18-bit universal bus transceivers are 
members of the Texas Instruments SCOPE™ testability IC family. This family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of complex circuit board assemblies. Scan access to the test 
circuitry is accomplished via the 4-wire test access port (TAP) interface. 

In the normal mode, these devices are 1 8-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. They can be used either as two 9-bit 
transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ universal bus transceivers. 



Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when 
LEAB is high. When LEAB is low, the A-bus data is latched while CLKAB is held at a static low or high logic level. 
Otherwise, if LEAB is low, A-bus d ata is stored on a low-to-high transition of CLKAB. When OEAB is low, the 
B outputs are active. When OEAB is hi gh, the B outputs are in the high-impedance state. B-to-A data flow is 
similar to A-to-B data flow but uses the OEBA, LEBA, and CLKBA inputs. 

In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 
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description (continued) 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform 
other testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation 
from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Improved scan efficiency is accomplished through the adoption of a one boundary-scan cell (BSC) per I/O pin 
architecture. This architecture is implemented in such a way as to capture test data of most interest. A 
PSA/COUNT instruction is also included to ease the testing of memories and other circuits where a binary count 
addressing scheme is useful. 

The SN54ABT1 8502A is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT1 8502A is characterized for operation from -40°C to 85°C. 

FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 
B 


OEAB 


LEAB 


CLKAB 


A 


L 


L 


L 


X 


B 0 * 


L 


L 


t 


L 


L 


L 


L 


T 


H 


H 


L 


H 


X 


L 


L 


L 


H 


X 


H 


H 


H 


X 


X 


X 


Z 



t A-to-B d ata flow is shown. B-to-A data flow is similar 

but uses OEBA, LEBA, and CLKBA. 
t Output level before the indicated steady-state input 

conditions were established. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



9-149 



SN54ABT18502A, SN74ABT18502A 

SCAN TEST DEVICES WITH 

18-BIT UNIVERSAL BUS TRANSCEIVERS 



SCBS1 64 - AUGUST 1 993 



functional block diagram 



U 
73 
O 
D 
C 

o 

H 

"0 

30 

m 
< 

m 



1LEAB- 



60 



1CLKAB 



59 



10EAB 



1LEBA 



62 



54 



1CLKBA- 



55 



10EBA- 



53 



1A1 



2LEAB 



2CLKAB 



63 



22 



23 



20EAB " 



21 



2LEBA- 



28 



2CLKBA 



27 



20EBA 



30 



rr> : 



TDI 



TMS 



TCK 



vccj 

24 < 



vccj 

56 | 



26 



Boundary-Scan Register 



fO 



o 



One of Nine Channels 



C1|- J 
1D 



51 



1B1 



o 



One of Nine Channels 



ci I — 1 

1D 



C1 - 1 
1D 



40 



2B1 



Bypass Register 



Boundary-Control 
Register 



Identification 
Register 



Instruction 
Register 



58 



TDO 



TAP 
Controller 



Pin numbers shown are for the PM package. 
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Terminal Functions 



PIN NAME 


DESCRIPTION 


GND 


Ground 


TCK 


Tost clock. One of four pins required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to 
the test clock. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four pins required by IEEE Standard 1 1 49.1-1 990. The test data input is the serial input for shifting 
data through the instruction register or selected data register. An internal pullup forces TDI to a high level if left 
unconnected. 


TDO 


Test data output. One of four pins required by IEEE Standard 1149.1-1990. The test data output is the serial output for 
shifting data through the instruction register or selected data register. 


TMS 


Test mode select. One of four pins required by IEEE Standard 1149.1-1 990. The test mode select input directs the device 
through its test access port (TAP) controller states. An internal pullup forces TMS to a high level if left unconnected. 


Vcc 


Supply voltage 


1A1-1A9, 
2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9, 
2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1CLKAB, 1CLKBA, 
2CLKAB, 2CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


1LEAB, 1LEBA, 
2LEAB, 2LEBA 


Normal-function latch enables. See function table for normal-mode logic. 


10EAB, 10EBA, 
20EAB, 20EBA 


Normal-function output enables. See function table for normal-mode logic. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 8502A 96 mA 

SN74ABT18502A 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, IfjK ( v O < °) "~ 50 mA 

Continuous current through Vcc 576 mA 

Continuous current through GND 1152 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2) 885 mW 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. For the SN74ABT1 8502A (PM package), the power derating factor for ambient temperatures greater than 55°C is -1 0.5 mW/°C. 



recommended operating conditions 







SN54ABT18502A 


SN74ABT18502A 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 3) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT18502A 


SN74ABT18502A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


v OH 


Vcc = 4 5 v > 'OH =~ 3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, l 0 H =-3 mA 


3 


3 


3 


Vcc = 4 5 v > 'OH = - 24 mA 


2 


2 




Vcc = 4 -5V, loH = -32mA 


2* 




2 


VOL 


Vcc = 4 -5V 


lOL = 4 8 ^ 


0.55 


0.55 




V 


Iql = 64 mA 


0.55* 




0.55 


"1 


V C C = 5.5 V, 
V| = Vcc or GND 


CLK, LE.OE, 
TCK 


±1 


±1 


±1 


|LlA 


A or B ports 


±100 


±100 


±100 


l|H 


V C C = 5.5 V, V| = V C C 


TDI, TMS 


10 


10 


10 


uA 


I|L 


Vcc = 5.5 V, V| = GND 


TDI.TMS 


-150 


-150 


-150 


|iA 


'l(hold) 


V C C = 4 -5V 


V| = 0.8 V 


A or B ports 






100 


uA 


V| = 2 V 






-100 


'OZH§ 


Vcc = 5.5 V, Vo = 2.7V 


50 


50 


50 


MA 


»OZL § 


V C C = 5.5 V, V O = 0.5V 


-50 


-50 


-50 


uA 


'OZPU 


V C C = 0to2 V, 
V 0 = 2.7 V or 0.5 V 


OE = 0.8 V 


±50 


±50 


±50 


uA 


'OZPD 


V C C = 2Vto 0, 
V 0 = 2.7Vor 0.5 V 


OE = 0.8 V 


±50 


±50 


±50 


uA 


'off 


Vcc = °> V|orVo< 4 -5V 


±100 


±450 


±100 


uA 


|r>cv 
■L»tA 


V C C = 5.5 V, Vq = 5.5V 


Outputs high 


50 


50 


50 


uA 




V C C = 5.5 V, Vq = 2.5V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


'cc 


V C C = 5.5 V, 

io = o, 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


2 3 


3 


3 


mA 


Outputs low 


16 22 


22 


22 


Outputs 
disabled 


1 1.5 


1.5 


1.5 


AI C C # 


Vcc = 5 5 v > 0ne in P ut at 3 4 v, 
Other inputs at Vcc ° r GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5Vor 0.5 V 


Control 
inputs 


3 






PF 


Cjo 


V 0 = 2.5Vor 0.5 V 


A or B ports 








PF 


C 0 


Vq = 2.5 V or 0.5 V 


TDO 


8 






PF 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice, 
t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters IrjZH and 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Note 3 and Figure 1) 





SN54ABT18502A 


SN74ABT18502A 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


CLKAB or CLKBA 


0 100 


0 100 


MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 




3.5 


ns 


LEAB or LEBA high 




3.5 


t su Setup time 


A before CLKABt or B before CLKBAt 




4 


ns 


A before LEABi or B before LEBAi 


CLK high 




3.5 


CLK low 




2 


t n Hold time 


A after CLKABt or B after CLKBAt 




0 


ns 


A after LEABi or B after LEBAl 




2 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Note 3 and Figure 1) 




SN54ABT18502A 


SN74ABT18502A 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 




8 


ns 


t su Setup time 


A, B, CLK, LE, or OE before TCKt 




4.5 


ns 


TDI before TCKt 




7.5 


TMS before TCKt 




3 


t n Hold time 


A, B, CLK, LE, or OE after TCKt 




0.5 


ns 


TDI after TCKt 




0.5 


TMS after TCKt 




0.5 


td Delay time 


Power up to TCKt 




50 


ns 


t r Rise time 


Vcc power up 




1 


[IS 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Note 3 and Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC = 5V, 
Ta = 25°C 


SN54ABT18502A 


SN74ABT18502A 


UNIT 




MIN TYP MAX 


MIN MAX 


MIN 


MAX 




f max 


CLKAB or CLKBA 




100 130 


1C0 


100 


MHz 


tPLH 


A or B 


Bor A 






2 


6 


ns 


tPHL 






2 


6 


tPLH 


CLKAB or CLKBA 


BorA 






2.5 


6 


ns 


tPHL 






2.5 


6 


tPLH 


LEAB or LEBA 


Bor A 






2.5 


7 


ns 


tPHL 






2.5 


7 


tPZH 


OEAB or OEBA 


BorA 






2 


7 


ns 


tPZL 






2.5 8 


tPHZ 


OEAB or OEBA 


BorA 






3 


8.8 


ns 


tPLZ 






2.5 


7.3 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Note 3 and Figure 1) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT18502A 


SN74ABT18502A 


UNIT 




MIN TYP MAX 


MIN MAX 


MIN 


MAX 




f max 


TCK 




50 90 


50 


50 


MHz 


tPLH 


TCKi 


AorB 






2.5 


13.5 


ns 


tPHL 






2.5 


12.4 


tPLH 


TCK4, 


TDO 






2 


5.6 


ns 


tPHL 






2 


6 


tPZH 


TCKl 


AorB 






4.5 


13.4 


ns 


tpZL 






5 


14 


tPZH 


TCK^ 


TDO 






2.5 


6.8 


ns 


*PZL 






3 


7.5 


tPHZ 


TCK4, 


AorB 






4 


16.3 


ns 


tpi_z 






3.5 


15.3 


tPHZ 


TCKl 


TDO 






3 


7.6 


ns 


tpi_z 






3 


7.6 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 
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PARAMETER MEASUREMENT INFORMATION 



From Output ^. 

Under Test 

C|_ = 50 pF 
(see Note A) 



500 Q 

-AAAr- 



S1 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ'tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



t — t»r 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



*PZL-*| 



A / VQL4-0.3V 



*PZH ~*\ (*- 



|tpHZ-H f- 



/l.5V Y°H-MV 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Members of the Texas Instruments 
Widebus ™ Family 
Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 
and Boundary-Scan Architecture 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 
State-of-the-Art EPIC-WB™ BiCMOS Design 
Significantly Reduces Power Dissipation 



One Boundary-Scan Cell per I/O 
Architecture Improves Scan Efficiency 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and P1 149.1 A CLAMP and 
HIGHZ 

- Parallel Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
Packages Using 0.5-mm Center-to-Center 
Spacings and 68-Pin Ceramic Quad Flat 
Packages Using 25-mil Center-to-Center 
Spacings 



SN54ABT18504A . . . HV PACKAGE 
(TOP VIEW) 



Q 

CO CM t- Z 

< < < (D 



< 
CD 

O o /<k CO * 
Q qO ^ — l 

i— :> z h o 



Q 

— 1- Z CM CO 
O CO O CD CD CD 



A4[ 
A5[ 
A6[ 
GND [ 
A7[ 
A8[ 
A9 [ 
A10[ 
NC[ 

VccC 

A11 [ 
A12 [ 
A13[ 
GND [ 
A14[ 
A15 [ 
A16[ 



9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 



27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

I 1 1 1 1 I L_J I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 



60 ] B5 
59 ] B6 
58 ] B7 
57 ] GND 
56 ] B8 
55 ] B9 
54 ] B10 
53 ] V CC 
52 ] NC 
51 ] B11 
50 ] B12 
49 ] B13 
48 ] B14 
47 ] GND 
46 ] B15 
45 ] B16 
44 ] B17 



I s -- CO 

< < 



a> q o 

s§2 



CO co 

< <; 2 



hi — i 
* o 



o * 

2*2 



co a 
< z 



O CD CO 
CM i— i— 
CD CO CD 



O 



NC - No internal connection 



SCOPE, Widebus, UBT, and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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SN74ABT18504A . . . PM PACKAGE 
(TOP VIEW) 



Q 

CO W r-Z 
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< ^ CD 
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O CD O CQ CD CD 



A4 L 
A5 L~ 
A6 C 
GND C 
A7[ 
A8 [ 
A9 C 
A10 C 

VccE 

A11 C 
A12 C 
A13 [ 
GND C 
A14 [ 
A15 [ 
A16 1 
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14 
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16 
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B5 

B6 
PB7 

GND 

B8 

B9 

B10 

V CC 
] B11 
] B12 
] B13 
] B14 
] GND 
] B15 
] B16 
] B17 



h- CO CD Q O 



< < < 



CD CD 
O 



n O ^ CD 

E! o o < 

h > h L1J 



CQ O O CD 00 
< 7 W t- ^ 
Qj g CD CD CD 



description 



The SN54ABT1 8504A and SN74ABT1 8504A scan test devices with 20-bit universal bus transceivers are 
members of the Texas Instruments SCOPE™ testability IC family. This family of devices supports IEEE 
Standard 1149.1 -1 990 boundary scan to facilitate testing of complex circuit board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 

In the normal mode, these devices are 20-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. The test circuitry can be activated by the 
TAP to take snapshot samples of the data appearing at the device pins or to perform a self test on the boundary 
test cells. Activating the TAP in the normal mode does not affect the functional operation of the SCOPE™ 
universal bus transceivers. 



Data flow in e ach directio n is c ontrolled b y output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
clock-enable (CLKENAB and CLKENBA), and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the 
device ope rates in the transparent mode when LEAB is high. When LEAB is low, the A-bus data is latched while 
CLKENAB is high and/or CLKAB is held at a static low or high logic level. Oth erwise, if LEAB is low and 
CLKENAB is low, A-bus data is stored on a low-to-high transition of CLKAB. When OEAB is low, the B outputs 
are active. When OEAB is hi gh, the B outpu ts are in th e high-impedance state. B-to-A data flow is similar to 
A-to-B data flow but uses the OEBA, LEBA, CLKENBA, and CLKBA inputs. 

In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 
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description (continued) 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform 
other testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation 
from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Improved scan efficiency is accomplished through the adoption of a one boundary-scan cell (BSC) per I/O pin 
architecture. This architecture is implemented in such a way as to capture test data of most interest. A 
PSA/COUNT instruction is also included to ease the testing of memories and other circuits where a binary count 
addressing scheme is useful. 

The SN54ABT1 8504A is characterized for operation over the full military temperature range of-55°C to 125°C. 
The SN74ABT18504A is characterized for operation from -40°C to 85°C. 



FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKENAB 


CLKAB 


A 


B 


L 


L 


L 


L 


X 


Bo* 


L 


L 


L 


t 


L 


L 


L 


L 


L 


t 


H 


H 


L 


L 


H 


X 


X 


Bo* 


L 


H 


X 


X 


L 


L 


L 


H 


X 


X 


H 


H 


H 


X 


X 


X 


X 


Z 



t A-to-B dataflow is shown. B-to-A data flow is similar but uses OEBA, 

LEBA, CLKENBA, and CLKBA. 
* Output level before the indicated steady-state input conditions were 

established. 
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functional block diagram 



CLKENAB 



LEAB 
CLKAB 
OEAB 

CLKENBA 
LEBA- 

CLKBA 



OEBA 



A1 



TDI - 



TMS" 



TCK- 



22 



27 



23 



28 



54 



55 



60 



62 



>- 



vccj 

24 1 



vccj 

56 ^ 



Boundary-Scan Register 



1 of 20 Channels 



L — i C1 
1D 



C1 
1D 



53 



B1 



Bypass Register 



Boundary-Control 
Register 



Identification 
Register 



Instruction 
Register 



26 



58 



- TDO 



TAP 
Controller 



Pin numbers shown are for the PM package. 
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Terminal Functions 


PIN NAME 


DESCRIPTION 


A1 - A20 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B20 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CLKAB, CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


CLKENAB, 
CLKENBA 


Normal-function clock enables. See function table for normal-mode logic. 


GND 


Ground 


LEAB, LEBA 


Normal-function latch enables. See function table for normal-mode logic. 


OEAB, OEBA 


Normal-function output enables. See function table for normal-mode logic. 


TCK 


Test clock. One of four pins required by IEEE Standard 1 1 49.1-1 990. Test operations of the device are synchronous to the 
test clock. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four pins required by IEEE Standard 1 1 49.1-1 990. The test data input is the serial input for shifting 
data through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four pins required by I EEE Standard 1 1 49. 1 -1 990. The test data output is the serial output for shifting 
data through the instruction register or selected data register. 


TMS 


Test mode select. One of four pins required by IEEE Standard 1149.1-1990. The test mode select input directs the device 
through its test access port (TAP) controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqq -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) . -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 8504A 96 mA 

SN74ABT18504A 128 mA 

Input clamp current, Iik ( v i < 0) -18 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Continuous current through Vcc 576 mA 

Continuous current through GND 1 1 52 mA 

Maximum power dissipation at = 55°C (in still air) (see Note 2) 885 mW 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. For the SN74ABT1 8504A (PM package), the power derating factor for ambient temperatures greater than 55°C is -1 0.5 mW/°C. 



recommended operating conditions 







SN54ABT18504A 


SN74ABT18504A 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


3 2 ■ 


v 


V|L 


Low-level input voltage 


0.8 


0.8 


v 


V| 


Input voltage 


0 


vcc 


0 


vcc 


v 


'OH 


High-level output current 


-24 


-32 


. mA 


>OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°c 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 3) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT18504A 


SN74ABT18504A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C c = 4.5V, l|=-18mA 


-1.2 


-1 .2 


-1.2 


V 


Vow 
w vjri 


Vqc = 4.5 V, Iqh = - 3 m A 


2.5 


2.5 


2.5 


v 


Vcc = 5V, loH = -3mA 


3 


3 


3 


VQC = 4 5 v > 'OH = - 24 mA 


2 


2 




VCC = 4.5 V, Iqh = - 32 mA 


2t 




2 


Vm 
V UL 


V C C = 4.5V 


lOL = 48 mA 


0.55 


0.55 




v 


Iql = 64 mA 


0.55* 




0.55 


"I 


V C C = 5.5 V, 

V| = V C C or GND 


CLK.CLKEN, 
LE, OE, TCK 


±1 


±1 


±1 


|iA 


A or B ports 


±100 


±100 


±100 


l|H 


V C c = 5.5V, V| = V C C 


TDI.TMS 


10 


10 


10 




IlL 


V C C = 5.5V, V| = GND 


TDI, TMS 


-150 


-150 


-150 




!|(hold) 


V C C = 4.5V 


V| = 0.8 V 


A or B ports 






100 


|iA 


V| = 2 V 






-100 


IOZH § 


Vcc = 5.5V, Vq = 2.7V 


50 


50 


50 


|iA 


IOZL§ 


Vcc = 5.5V, V O = 0.5V 


-50 


-50 


-50 




'OZPU 


V C C = 0 to 2 V, 
Vo = 2.7 V or 0.5 V 


OE = 0.8V 


±50 


±50 


±50 


HA 


'OZPD 


VCC = 2 V to 0, 
Vq = 2.7 V or 0.5 V 


OE = 0.8 V 


±50 


±50 


±50 


^iA 


'off 


VCC = °. v l or v O ^ 4.5 V 


±100 


±450 


±100 


\iA 


'CEX 


V C C = 5.5V, V 0 = 5.5V 


Outputs high 


50 


50 


50 


[LA 




Vcc = 5.5V, V 0 = 2.5V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


'cc 


VCC = 5-5 V, 

io = o, 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


2 3 


3 


3 


mA 


Outputs low 


18 24 


24 


24 


Outputs 
disabled 


1 1.5 


1.5 


1.5 


AlcC # 


Vcc = 5.5V, One input at 3.4 V, 
Other inputs at Vqc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control 
inputs 


3 






pF 


Qo 


Vq = 2.5 V or 0.5 V 


A or B ports 


10 






PF 


Co 


Vq = 2.5 V or 0.5 V 


TDO 


8 






PF 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice, 
t All typicaj values are at Vcc = 5 V. 

t- On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH an d 'OZL include the input leakage current. 

11 Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Note 3 and Figure 1) 











SN54ABT18504A 


SN74ABT18504A 


UNIT 










MIN MAX 


MIN MAX 


fclock 


Clock frequency 


CLKAB or CLKBA 


0 100 


0 100 


MHz 


t w 


Pulse duration 


CLKAB or CLKBA high or low 




4 


ns 


LEAB or LEBA 


CLK high or low 




3.5 






A before CLKABt or B before CLKBAt 




4 






Setup time 


A before LEABi or B before LEBAi 


CLK high 




3.5 


ns 


*su 


CLK low 




2 






CLKEN before CLKT 




4 








A after CLKABt or B after CLKBAt 




0 




th 


Hold time 


A after LEABl- or B after LEBAi 


CLK high or low 




2 


ns 






CLKEN after CLKt 




0 




timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Note 3 and Figure 1) 










SN54ABT18504A 


SN74ABT18504A 


UNIT 










MIN MAX 


MIN MAX 


f clock 


Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w 


Pulse duration 


TCK high or low 




8 


ns 






A, B, CLK, LE, or OE before TCKt 




4.5 




*su 


Setup time 


TDI before TCKt 




7.5 


ns 






TMS before TCKt 




3 








A, B, CLK, LE, or OE after TCKt 




0.5 




th 


Hold time 


TDI after TCKt 




0.5 


ns 






TMS after TCKt 




0.5 




td 


Delay time 


Power up to TCKt 




50 


ns 


tr 


Rise time 


Vcc power up 




1 


lis 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Note 3 and Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABT18504A 


SN74ABT18504A 


UNIT 




MIN TYP MAX 


MIN MAX 


MIN 


MAX 




fmax 


CLKAB or CLKBA 




100 130 


100 


100 


MHz 


tPLH 


A or B 


Bor A 






2 


6 


ns 


tPHL 






2 


6.5 


tPLH 


CLKAB or CLKBA 


Bor A 






2.5 


6.8 


ns 


tPHL 






2.5 


6.5 


tPLH 


LEAB or LEBA 


Bor A 






2.5 


7.1 


ns 


tPHL 






2.5 


7.2 


tPZH 


OEAB or OEBA 


Bor A 






2 


7 


ns 


tpZL 






2.5 


8 


tPHZ 


OEAB or OEBA 


Bor A 






3 


8.8 


ns 


tPLZ 






2.5 


7.3 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Note 3 and Figure 1) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT18504A 


SN74ABT18504A 


UNIT 




MIN TYP MAX 


MIN MAX 


MIN 


MAX 




f max 


TCK 




50 90 


50 


50 


MHz 


tPLH 


TCKi 


A or B 






2.5 


13.5 


ns 


tPHL 






2.5 


12.5 


tPLH 


TCK4, 


TDO 






2 


5.6 


ns 


tPHL 






2 


6.5 


tPZH 


TCKl 


A or B 






4.5 


13.8 


ns 


tpZL 






5 


14.5 


tPZH 


*TCK^ 


TDO 






2 


7 


ns 


tPZL 






3 


7.5 


tPHZ 


TCKl 


A or B 






4 


17 


ns 


tPLZ 






3.5 


16 


tPHZ 


TCKl 


TDO 






3 


7.5 


ns 


tPLZ 






3 


7.5 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 a 

— AA/V— 



500 Q 



7V 



S1 



O Open 
9 GND 



TEST 


S1 


tPLHrtPHL 
tPLZ'tPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 .5 



— v y — 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



OV 



Timing Input 



Data Input 



J> vL 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
OV 



3V 
V 



Input 
(see Note B) 



Output 



Output 



tPLH -|* >\ 



3V 
OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL 



I 



|.p LZ -^ K- 



tPZH ->| |4- 

I 



1.5 V i \/ 

| / v 0L ± o.3v 

| tpHZ -*\ l f~ 



\ _l _ 



VQH-0.3V 



3V 
0V 

3.5 V 

vol 

V 0 H 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Members of the Texas Instruments 
Widebus ™ Family 

Compatible With the IEEE Standard 
1 1 49.1 -1 990 ( JTAG) Test Access Port 
and Boundary-Scan Architecture 
Include D-Type Flip-Flops and Control 
Circuitry to Provide Multiplexed 
Transmission of Stored and Real-Time Data 
Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

State-of-the-Art EPIC-llB™ BiCMOS Design 
Significantly Reduces Power Dissipation 



One Boundary-Scan Cell per I/O 
Architecture Improves Scan Efficiency 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and P1 149.1 A CLAMP and 
HIGHZ 

- Parallel Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
Packages Using 0.5-mm Center-to-Center 
Spacings and 68-Pin Ceramic Quad Flat 
Packages Using 25-mil Center-to-Center 
Spacings 



SN54ABT18646A . . . HV PACKAGE 
(TOP VIEW) 



CO 

< 

<<|Ogc0OQ^O2EocoagcQmco 



< 

CD _ 



1A3 I 
1A4 I 

1A5 I 
GND | 
1A6 I 
1A7 | 
1A8 I 
1A9 | 
NC | 

Vcd 

2A1 

2A2 | 
2A3 | 
GND ] 
2A4 | 
2A5 | 
2A6 I 



[ 10, 

[ 11 

[ 12 

[ 13 

[ 14 

[ 15 

[ 16 

[ 17 

[ 18 

[ 19 

[ 20 

[ 21 

[ 22 

[ 23 

[ 24 

[ 25 

[ 26 



987654321 68 67 66 65 64 63 62 61 



60 ] 
59 ] 
58 ] 
57] 
56 ] 
55 ] 
54] 
53 ] 
52] 
51 ] 
50 ] 
49 ] 
48 ] 
47] 
46 ] 
45 ] 
44 ] 



27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

u u"i_ru ' u uuuuuuuu u ' U'u u 



1B4 

1B5 

1B6 

GND 

1B7 

1B8 

1B9 

V C C 

NC 

2B1 

2B2 

2B3 

2B4 

GND 

2B5 

2B6 

2B7 



N CO O) Q 
< < < z 
CM CM CM g 



LU CO CD 

'cm co 2 

CM _l 

o 

CM 



nOO^<<Q(CO)co 



o 



CO (J 
CM ^ 



NC - No internal connection 



SCOPE, Widebus, and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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SN74ABT18646A . . . PM PACKAGE 
(TOP VIEW) 
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description 



The SN54ABT1 8646A and SN74ABT1 8646A scan test devices with 1 8-bit bus transceivers and registers are 
members of the Texas Instruments SCOPE™ testability IC family. This family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of complex circuit board assemblies. Scan access to the test 
circuitry is accomplished via the 4-wire test access port (TAP) interface. 

In the normal mode, these devices are 18-bit bus transceivers and registers that allow for multiplexed 
transmission of data directly from the input bus or from the internal registers. They can be used either as two 
9-bit transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers and 
registers. 

Transceiver function is controlled by output-enable (OE) and direction (DIR) inputs. When OE is low, the 
transceiver is active and operates in the A-to-B direction when DIR is high or in the B-to-A direction when DIR 
is low. When OE is high, both the A and B outputs are in the high-impedance state, effectively isolating both 
buses. 

Data flow is controlled by clock (CLKAB and CLKBA) and select (SAB and SB A) inputs. Data on the A bus is 
clocked into the associated registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data 
is selected for presentation to the B bus (transparent mode). When SAB is high, stored A data is selected for 
presentation to the B bus (registered mode). The function of the CLKBA and SBA inputs mirrors that of CLKAB 
and SAB, respectively. Figure 1 illustrates the four fundamental bus-management functions that can be 
performed with the 'ABT18646A. 
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description (continued) 

In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can 
perform boundary scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform 
other testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation 
from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Improved scan efficiency is accomplished through the adoption of a one boundary-scan cell (BSC) per I/O pin 
architecture. This architecture is implemented in such a way as to capture test data of most interest. A 
PSA/COUNT instruction is also included to ease the testing of memories and other circuits where a binary count 
addressing scheme is useful. 

The SN54ABT1 8646A is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT18646A is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(normal mode, each 9-bit section) 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A9 


B1 THRU B9 


X 


X 


t 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


T 


X 


X 


Unspecifiedt 


Input 


Store B, A unspecifiedt 


H 


X 


T 


t 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


L 


L 


X 


X 


Input disabled 


Input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


L 


X 


H 


Output 


Input disabled 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


L 


H 


L 


X 


H 


X 


Input disabled 


Output 


Stored A data to B bus 



t The data output functions can be enabled or disabled by various signals at the OE and DIR inputs. Data input functions are always enabled; i.e., 
data at the bus pins will be stored on every low-to-high transition of the clock inputs. 
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OE DIR CLKAB CLKBA SAB 
L L X X X 

REAL-TIME TRANSFER 
BUS B TO BUS A 



SBA 
L 




OE DIR CLKAB CLKBA SAB SBA 
L H X X L X 

REAL-TIME TRANSFER 
BUS A TO BUS B 



* NX 



(v m 



OE 


DIR 


CLKAB CLKBA 


SAB 


SBA 


X 


X 


T x 


X 


X 


X 


X 


x T 


X 


X 


H 


X 


T T 
STORAGE FROM 
A, B, OR A AND B 


X 


X 



OE 
L 
L 



DIR CLKAB CLKBA SAB SBA 



TRANSFER STORED DATA 
TO A AND/ORB 



Figure 1 . Bus-Management Functions 
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functional block diagram 



10E 



1DIR 
1CLKBA 



1SBA 
1CLKAB 



1SAB 




1A1 



He 



20E 



21 



2DIR 
2CLKBA " 



30 
27 



2SBA " 
2CLKAB 



28 
23 



2SAB- 



22 



2A1" 



10 I 



^3 



Boundary-Scan Register 



cr- 1 



1 of 9 Channels 



d 



1 of 9 Channels 



I 51 



1B1 



I 40 , 



2B1 



UJ 

> 
LU 

rr 
o. 

h- 
o 

Q 

O 
0C 
Q. 




TMS 
TCK 



TDO 



Pin numbers shown are for the PM package. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc ■ -0-5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q: SN54ABT1 8646 A 96 mA 

SN74ABT18646A 128 mA 

Input clamp current, l||< (V| < 0) -18 mA 

Output clamp current, Iqk ( v o < °) -5 ° mA 

Maximum package power dissipation at = 55°C (in still air) (see Note 2) 885 mW 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. For the SN74ABT1 8646A (PM package), the power derating factor for ambient temperatures greater than 55°C is -1 0.5 mW/°C. 



recommended operating conditions 







SN54ABT18646A 


SN74ABT18646A 


UNIT 






MIN 


MAX 


MIN MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


v 


V|L 


Low-level input voltage 


0.8 


0.8 


v 


V| 


Input voltage 


0 


v cc 


0 


vcc 


v 


•oh 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fail rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 3) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT18646A 


SN74ABT18646A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


V C C = 4.5 V, l| = -18mA 


-1.2 


-1 .2 


-1.2 


V 


v OH 


V C C = 4.5V, l 0 H=-3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = ~ 3 mA 


3 


3 


3 


V C C = 4.5 V, IOH=-24mA 


2 


2 




Vcc = 4 5 V, Iqh = - 32 mA 


2* 




2 


v OL 


VCC = 4-5V 


lOL = 48 mA 


0.55 


0.55 




V 


Iql = 64 mA 


0.55* 




0.55 


l| 


V C C = 5.5 V, 
V| = V C C or GND 


CLK, DIR, 
OE, S, TCK 


±1 


±1 


±1 


LiA 


A or B ports 


±100 


±100 


±100 


l|H 


V C C = 5.5 V, V| = V C C 


TDI, TMS 


10 


10 


10 


pA 


'IL 


Vcc = 5.5 V, V| = GND 


TDI, TMS 


-150 


-150 


-150 


pA 


'l(hold) 


V C C = 4.5 V 


V| = 0.8 V 


A or B ports 






100 


HA 


V| = 2V 






-100 


>OZH § 


Vcc = 5-5V, Vq = 2.7V 


50 


50 


50 


M-A 


"OZL§ 


V C C = 5.5 V, V O = 0.5V 


-50 


-50 


-50 


(xA 


"OZPU 


VCC = 0 to 2 V, 
Vq = 2.7 V or 0.5 V 


OE = 0.8 V 


±50 


±50 


±50 


liA 


'OZPD 


Vcc = 0 to 2 V, 
V 0 = 2.7 V or 0.5 V 


OE = 0.8V 


±50 


±50 


±50 




'off 


VCC = 0> V|orV 0 <4.5V 


±100 


±450 


±100 


^A 




VCC = 5-5V, Vq = 5.5V 


Outputs high 


50 


50 


50 


uA 


IqH 


V C C = 5.5 V, V 0 = 2.5V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


•cc 


V C C = 5-5 V, 

io = o, 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


2 3 


3 


3 


mA 


Outputs low 


16 22 


22 


22 


Outputs 
disabled 


1 1.5 


1.5 


1.5 


Alcc # 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control 
inputs 


3 






PF 




Vq = 2.5 V or 0.5 V 


A or B ports 


10 






PF 


C 0 


V 0 = 2.5 V or 0.5 V 


TDO 


8 






PF 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice, 
t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters loZH anc ' 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Note 3 and Figure 2) 









SN54ABT18646A 


SN74ABT18646A 


UNIT 








MIN MAX 


MIN MAX 


f clock 


Clock frequency 


CLKAB or CLKBA 


0 100 


0 100 


MHz 


t w 


Pulse duration 


CLKAB or CLKBA high or low 




4 


ns 




Setup time 


A before CLKABT or B before CLKBAt 




4.5 


ns 


th 


Hold time 


A after CLKABt or B after CLKBAt 




0 


ns 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Note 3 and Figure 2) 








SN54ABT18646A 


SN74ABT18646A 


UNIT 








MIN MAX 


MIN MAX 


fclock 


Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w 


Pulse duration 


TCK high or low 




8 


ns 






A, B, CLK, DIR, OE, or S before TCKt 




4.5 




*su 


Setup time 


TDI before TCKt 




7.5 


ns 






TMS before TCKt 




4 








A, B, CLK, DIR, OE, or S after TCKt 




0.5 




th 


Hold time 


TDI after TCKt 




0.5 


ns 






TMS after TCKt 




0.5 




td 


Delay time 


Power up to TCKt 




50 


ns 


tr 


Rise time 


Vcc power up 




1 


[IS 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 



9-174 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT18646A, SN74ABT18646A 
SCAN TEST DEVICES WITH 
18-BIT TRANSCEIVERS AND REGISTERS 

SCBS1 66 -AUGUST 1 993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Note 3 and Figure 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vrr = 5 V, 
T A = 25°C 


SN54ABT18646A 


SN74ABT18646A 


UNIT 




MIN TYP MAX 


MIN MAX 


MIN 


MAX 




fmax 


CLKAB or CLKBA 




100 130 


100 


100 


MHz 


tpi_H 


' A or B 


Bor A 






2 


5.4 


ns 


tPHL 






2 


6.6 


tPLH 


CLKAB or CLKBA 


B or A 






2.5 


8 


ns 


tPHL 






2.5 


7.4 


tpLH 


SAB or SBA 


Bor A 






2 


7.5 


ns 


tPHL 






2 


8 


tPZH 


DIR 


B or A 






2 


8 


ns 


tPZL 






3 


9.1 


tPZH 


OE 


* Bor A 






2.5 


8.6 


ns 


tPZL 






3 


9.3 


tPHZ 


DIR 


B or A 






3.5 


11.1 


ns 


*PLZ 






3 


'8.8 


tPHZ 


OE 


B or A 






3.5 


10.5 


ns 


tPLZ 






2 


8.5 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Note 3 and Figure 2) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABT18646A 


SN74ABT18646A 


UNIT 




MIN TYP MAX 


MIN MAX 


MIN 


MAX 




f max 


TCK 




50 90 


50 


50 


MHz 


tPLH 


TCKi 


A or B 






2.5 


13.5 


ns 


tPHL 






2.5 


12.5 


tPLH 


TCKi 


TDO 






2 


6.5 


ns 


tPHL 






2 


6.5 


tPZH 


TCKi 


A or B 






4.5 


13.8 


ns 


tPZL 






5 


14.5 


tpZH 


TCKi 


TDO 






2 


7 


ns 


tPZL 






3 


7.5 


tPHZ 


TCKi 


AorB 






4 


17 


ns 


tPLZ 






3 


16 


tPHZ 


TCKi 


TDO 






3 


9 


ns 


tPLZ 






3 


7.5 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

CL = 50pF 
(see Note A) 



500 Q 

-VW- 



500 a 



7V 



S1 



O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



t w - 



Input 1.5 ^ 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



J&Z 



} (l.5V ) {jI7 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
OV 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



1.5 V 



I 

tPLH f » | 

I \J 

I /1.5 V 

i— y 



^— ^" tpHL 



^15V 



3V 
0V 

VOH 

vol 



*PHL — W H 14 *! *PLH 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL- 



]t PLZ -^ |«- 



\l.5V Y 

I tpHZ -*| |<" 
/l.5V \ ^OH-03V 



3V 
0V 

3.5 V 

vol 

VOH 

« 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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• Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

• Members of the Texas Instruments 
Widebus ™ Family 

• Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 
and Boundary-Scan Architecture 

• Include D-Type Flip-Flops and Control 
Circuitry to Provide Multiplexed 
Transmission of Stored and Real-Time Data 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• State-of-the-Art EPIC-WB™ BiCMOS Design 
Significantly Reduces Power Dissipation 



One Boundary-Scan Cell per I/O 
Architecture Improves Scan Efficiency 
SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and P1 149.1 A CLAMP and 
HIGHZ 

- Parallel Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
Packages Using 0.5-mm Center-to-Center 
Spacings and 68-Pin Ceramic Quad Flat 
Packages Using 25-mil Center-to-Center 
Spacings 



SN54ABT18652A . . . HV PACKAGE 
(TOP VIEW) 



< 00 
m ^ CD 2 ^ 
LU Q <£ _j O o 

nnnnnnnnnnnnnnnnn 



CM t- 
< < 



2 m 

V <r <C ^ 

WfiaLljQr-CMCO 

SOOOOgCQCQCQ 



1A3[ 10 
1A4[ 11 
1A5 [ 12 
GND[ 13 
1A6[ 14 
1A7[ 15 
1A8 [ 16 
1A9[ 17 
NC [ 18 
V C C C 19 
2A1 [ 
2A2 [ 
2A3 [ 
GND [ 
2A4 [ 
2A5 P 25 
26 



2A6[ 



9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 



20 
21 
22 
23 
24 



60 ] 
59 ] 
58 ] 
57] 
56 P 
55 
54 

53 ] 
52] 
51 ] 
50 ] 
49 ] 
48] 
47 D 
46 
45 

44 D 



27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

UUUUUU ULJ ' U ' U u u u uuuu 



1B4 

1B5 

1B6 

GND 

1B7 

1B8 

1B9 

V C C 

NC 

2B1 

2B2 

2B3 

2B4 

GND 

2B5 

2B6 

2B7 



N 00 O) Q 

< < < Z 
CM CM CM g 



< CD CD 

CO < < 

LU CO 2 

O CM -J 

" 8 



nOO^<<QOQO)00 

PzOomcSz<cQCQ 

H > K * C/5 CD LLJ CM CM 



NC - No internal connection 
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SN74ABT18652A . . . PM PACKAGE 
(TOP VIEW) 
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description 



The SN54ABT18652A and SN74ABT18652A scan test devices with 18-bit bus transceivers and registers are 
members of the Texas Instruments SCOPE™ testability IC family. This family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of complex circuit board assemblies. Scan access to the test 
circuitry is accomplished via the 4-wire test access port (TAP) interface. 

In the normal mode, these devices are 18-bit bus transceivers and registers that allow for multiplexed 
transmission of data directly from the input bus or from the internal registers. They can be used either as two 
9-bit transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers and 
registers. 

Data flow in each di rection is controlled by clock (CLKAB and CLKBA), select (SAB and SBA), and output-enable 
(OEAB and OEBA) inputs. For A-to-B data flow, data on the A bus is clocked into the associated registers on 
the low-to-high transition of CLKAB. When SAB is low, real-time A data is selected for presentation to the B bus 
(transparent mode). When SAB is high, stored A data is selected for presentation to the B bus (registered mode). 
When OEAB is high, the B outputs are active. When OEAB is low, the B outputs are in the hi gh-impe dance state. 
Co ntrol for B-to-A data flow is similar to that for A-to-B data fl ow but u ses CLKBA, SBA, and OEBA inputs. Since 
the O EBA in put is active-low, the A outputs are active when OEBA is low and are in the high-impedance state 
when OEBA is high. Figure 1 illustrates the four fundamental bus-management functions that can be performed 
with the 'ABT18652A. 
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description (continued) 

In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can 
perform boundary scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform 
other testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation 
from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Improved scan efficiency is accomplished through the adoption of a one boundary-scan cell (BSC) per I/O pin 
architecture. This architecture is implemented in such a way as to capture test data of most interest. A 
PSA/COUNT instruction is also included to ease the testing of memories and other circuits where a binary count 
addressing scheme is useful. 

The SN54ABT18652A is characterized for operation over the full military temperature range of-55°C to 125°C. 
The SN74ABT18652A is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(normal mode, each 9-bit section) 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A9 


B1 THRU B9 


L 


H 


L 


L 


X 


X 


Input disabled 


Input disabled 


Isolation 


L 


H 


t 


t 


X 


X 


Input 


Input 


Store A and B data 


X 


H 


T 


L 


X 


X 


Input 


Unspecifiedt 


Store A, hold B 


H 


H 


T 


t 


X* 


X 


Input 


Output 


Store A in both registers 


L 


X 


L 


t 


X 


X 


Unspecifiedt 


Input 


Hold A, store B 


L 


L 


T 


t 


X 


xt 


Output 


Input 


Store B in both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


L 


X 


H 


Output 


Input 


Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


L 


X 


H 


X 


Input 


Output 


Stored A datalo B bus 


H 


L 


L 


L 


H 


H 


Output 


Output 


Stored A data to B bus and 
stored B data to A bus 



t The data output functions can be enabled or disabled by a variety of level combinations at the OEAB or OEBA inputs. Data input functions are 

always enabled; i.e., data at the bus pins is stored on every low-to-high transition on the clock inputs, 
t Select control = L: clocks can occur simultaneously. 

Select control = H: clocks must be staggered in order to load both registers. 



^? Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 9-1 79 



SN54ABT18652A, SN74ABT18652A 

SCAN TEST DEVICES WITH 

18-BIT BUS TRANSCEIVERS AND REGISTERS 



SCBS167 -AUGUST 1993 



< 



I 1 

I I 
I I 
I I 
J_i 



I I 



I I 

I I 

I I 

I I 

J L 



I I 
I I 



CO 

(/> 
m 



< 



I I 



I I 

I I 

I I 
i i 



i 1 

i i 
i i 



i - 1 
i i 

i i 

i i 



CD 
V) 
D 
CD 



OEAB OEBA CLKAB CLKBA SAB SBA 
L L X X X L 
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H H X X L 
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SBA 
X 
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Figure 1. Bus-Management Functions 
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functional block diagram 




10EAB 
10EBA 



1CLKBA 



1SBA 
1CLKAB 



1SAB 



1A1 



63 j 



20EAB 



30 



20EBA 
2CLKBA 



2SBA 
2CLKAB 



21 



27 



28 



23 



2SAB 



22 



> 



2A1 



10 1 



— <3(q= 



Boundary-Scan Register 



VcCi 
TD.^ > 



TMS " 
TCK " 



vcc« 

56 \ 



26 



C1 



1 of 9 Channels 



1 of 9 Channels 



Bypass Register 



Boundary-Control 
Register 



Identification 
Register 



Instruction 
Register 



TAP 
Controller 



CHr 



<H 



51 



1B1 



40 



2B1 



I 



58 



TDO 



UJ 

us 

Q_ 



Q 
O 

CC 
Ol 



Pin numbers shown are for the PM package. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc — -0.5 V to 7 V 

Input voltage range, Vj (except I/O ports) (see Note 1) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, l 0 : SN54ABT1 8652A 96 mA 

SN74ABT18652A 128 mA 

Input clamp current, I|k (V| < 0) -18 mA 

Output clamp current, Iqk ( v o < °) ~ 50 mA 

Maximum package power dissipation at = 55°C (in still air) (see Note 2) 885 mW 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. For the SN74ABT1 8652A (PM package), the power derating factor for ambient temperatures greater than 55°C is -1 0.5 mW/°C. 



recommended operating conditions 







SN54ABT18652A 


SN74ABT18652A 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V| H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V, 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



9-182 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 3) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT18652A 


SN74ABT18652A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1 .2 


-1.2 


V 


V 0 H 


Vcc = 4 -5 V, loH = - 3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = ~ 3 mA 


3 


3 


3 


Vcc = 4.5 V, Iqh = - 24 mA 


2 


2 




Vcc = 4.5 V, Iqh = - 32 mA 


2+ 




2 


vol 


V C C = 4.5 V 


lOL = 48 mA 


0.55 


0.55 




V 


Iql = 64 mA 


o.ssJ 




0.55 


ii 


V C C = 5.5 V, 
V| = V C C or GND 


CLK, OEAB, 
OEBA, S, 
TCK 


+1 


+1 


±1 


HA 


A or B ports 


±100 


±1 00 


±1 00 


l|H 


V C c = 5.5 V, V| = V C C 


TDI, TMS 


10 


10 


10 


^lA 


•lL 


Vcc = 5.5 V, V| = GND 


TDI, TMS 


-150 


-1 50 


-150 


jiA 


'l(hold) 


V C C = 4.5 V 


V| = 0.8 V 


A or B ports 






100 


HA 


V| = 2V 






-100 


& 


Vcc = 5.5 V, V 0 = 2.7V 


50 


50 


50 


^lA 


• IOZL § 


VCC = 5-5V, V O = 0.5V 


-50 


-50 


-50 


^iA 


'OZPU 


Vcc = 0to2V, 
Vq = 2.7 V or 0.5 V 


OE = 0.8 V 


±50 


±50 


±50 


^lA 


'OZPD 


Vcc = 0 to 2 V, 
Vq = 2.7 V or 0.5 V 


OE = 0.8 V 


±50 


±50 


±50 


|iA 


■off 


VCC = 0. V| or Vq < 4.5 V 


±100 


±450 


±1 00 


\iA 


'CEX 


VCC = 5.5 V, V 0 = 5.5V 


Outputs high 


50 


50 


50 




lO 11 


Vcc = 5.5 V, Vq = 2.5V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


'cc 


V C C = 5.5 V, 

io = o, 

V| = Vcc or 
GND 


A or B ports 


Outputs high 


2 3 


3 


3 


mA 


Outputs low 


16 22 


22 


22 


Outputs 
disabled 


1 1.5 


1.5 


1.5 


AI C C # 


V C c = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Q 


V| = 2.5 V or 0.5 V 


Control 
inputs 


3 






pF 


Qo 


Vq = 2.5 V or 0.5 V 


A or B ports 


10 






PF 


C 0 


Vq = 2.5 V or 0.5 V 


TDO 


8 






pF 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice, 
t All typical values are at Vcc = 5 V. 

$ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters lozH and 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed 6ne second. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Note 3 and Figure 2) 









SN54ABT18652A 


SN74ABT18652A 


UNIT 








MIN MAX 


MIN MAX 


fclock 


Clock frequency 


CLKAB or CLKBA 


0 100 


0 100 


MHz 


t w 


Pulse duration 


CLKAB or CLKBA high or low 




4 


ns 


*su 


Setup time 


A before CLKABt or B before CLKBAt 




4.5 


ns 


th 


Hold time 


A after CLKABt or B after CLKBAt 




0 


ns 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Note 3 and Figure 2) 








SN54ABT18652A 


SN74ABT18652A 


UNIT 








MIN MAX 


MIN MAX 


fclock 


Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w 


Pulse duration 


TCK high or low 




8 


ns 






A, B, CLK, OEAB, OEBA, or S before TCKt 




4.5 




*su 


Setup time 


TDI before TCKt 




7.5 


ns 






TMS before TCKt 




4 








A, B, CLK, OEAB, OEBA, or S after TCKt 




0.5 




th 


Hold time 


TDI after TCKt 




0.5 


ns 






TMS after TCKt 




0.5 




td 


Delay time 


Power up to TCKt 




50 


ns 


tr 


Rise time 


Vcc power up 




1 


US 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Note 3 and Figure 2) 



PARAMETER 


FROM 

/iMni it\ 

(INPUT) 


TO 
(OUTPUT) 


Vrr = 5 V, 
T A = 25°C 


SN54ABT18652A 


SN74ABT18652A 


UNIT 




MIN TYP MAX 


MIN MAX 


MIN 


MAX 




fmax 


CLKAB or CLKBA 




100 130 


100 


100 


MHz 


tPLH 


A or B 


Bor A 






2 


5.4 


ns 


tPHL 






2 


6.6 


tPLH 


CLKAB or CLKBA 


B or A 






2.5 


8 


ns 


tPHL 






2.5 


7.4 


tPLH 


SAB or SBA 


Bor A 






2 


7.5 


ns 


tPHL 






2 


8 


tpZH 


OEAB or OEBA 


Bor A 






2.5 


8.6 


ns , 


tpZL 






3 


9.3 


tPHZ 


OEAB or OEBA 


B or A 






3.5 


10.5 


ns 


tPLZ 






2 


8.5 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Note 3 and Figure 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT18652A 


SN74ABT18652A 


UNIT 




MIN TYP MAX 


MIN MAX 


MIN 


MAX 




f max 


TCK 




50 90 


50 


50 


MHz 


tPLH 


TCKI 


A or B 






2.5 


13.5 


ns 


tPHL 






2.5 


12.5 


tPLH 


TCKi 


TDO 






2 


6.5 


ns 


tPHL 






2 


6.5 


IPZH 


TCKi 


A or B 






4.5 


13.8 


ns 


tpZL 






5 


14.5 


tPZH 


TCKi 


TDO 






2 


7 


ns 


tpZL 






3 


7.5 


tPHZ 


TCKi 


A or B 






4 


17 


ns 


tPLZ 






3 


16 


tPHZ 


TCKi 


TDO 






3 9 


ns 


tPLZ 






3 


7.5 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 
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From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

7V 



500 Q 

-AA/V- 



500 Q, 



S1, 



o 

O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ'tPZL 
tPHZ'tPZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



, v y — 

Input 1.5 VJ: A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



ten I 



th 



]X 15V Xj±Z 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0 V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



K i - 5v X 7 * 7 



tPLH — |* >\ 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL -►! k- 



|tp L z-^ ^ 



\ / VQL + 03V 



tPZH ->| |4- 



| tpHZ ~*\ f~ 



3V 
0V 

3.5 V 

vol 



« 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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1 



ABT Octals 


2 


ABT Widebus™ 


T 


ABTE/ETL Widebus™ 


•,ABT WldebusV™ 


5 


ABT Memory Drivers 


6 


ABT 25-Q. Incident-Wave Switching Drivers 


Futurebus+/BTL Transceivers 


8 


ABT JTAG/IEEE 1149.1 


9 


LVT JTAG/IEEE 1149.1 


10 


LVT Octals 


11 


LVT Widebus™ 


12 
~ 


LVT Memory Drivers 




LVT/GTL Widebus™ 


14 


Application Notes and Articles 


15 


ABT Characterization Information 


16 


Mechanical Data 


17 
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LVTJTAG/IEEE 1149.1 
Features Benefits 



• Compatibility with IEEE Standard 

11 49. 1-1 990 (JTAG) test access port 
(TAP) and boundary-scan architecture 

• EPIC-IIB™ BiCMOS process with special 
low-voltage enhancements 

• EIAJ TSSOP, JEDEC SSOP, and EIAJ 
TQFP fine-pitch surface-mount packaging 

• Bus-hold circuitry 

• 1 8- and 20-bit UBT™ architectures 

• Additional SCOPE™ instructions available 
such as: 

- Parallel Signature Analysis (PSA) 

- Pseudo-Random Pattern Generation 
(PRPG) 

• Test-mode or normal-mode operation 

• Expanded Vqc range from 2.7 V to 3.6 V 

• Members of the Texas Instruments 
SCOPE™ family of testability products 

• Tl has established an alternate source 



• Facilitate testing of complex circuit board 
assemblies via a 4-wire test access port 

• 3.3-V logic family with equivalent drive 
performance of 5-V ABT logic family - not 
just a recharacterized, scaled CMOS 

• Complete input and output compatibility 
with 5-V signals combined with a pure 
3.3-V internal supply signal - provides 
bidirectional 3-V to 5-V translation 

• No system throughput or cycle time 
penalty for boundary-scan implementation 

• Functional equivalents to standard ABT 
devices offer system and test designers 
flexible integration options 

• Save valuable board space 

• Reduce component count by eliminating 
need for external pullup or pulldown 
resistors on I/O pins configured as inputs 
left unused or floating 

• Advanced integration, as one UBT™ can 
replace nearly all common bus-interface 
logic 

• Built-in self-test feature allows easy 
upgrade for advanced JTAG test 
applications 

• IEEE Standard 1149.1-1990 protocol can 
be bypassed for applications not requiring 
boundary scan 

• Compatible with complete line of 
system-level test products including 
controllers, bus monitors, scan path 
linkers, scan path selectors, 
application-specific products, and very 
large-scale integration products 

• Standardization that comes from a 
common product approach 



Information regarding the tap control state diagram, signal descriptions, and other related 
JTAG/IEEE 1149.1 information for the , LVT18245, , LVT18502, and , LVTi8504 is similar to that for 
the 'ABT1 8245. Therefore, this information will only be provided in the data sheet for the 'ABT1 8245 
in section 9. Please contact your local Tl sales representative for further information. 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-VVcc) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and P1 149.1 A CLAMP and 
HIGHZ 

- Parallel Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 
Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54LVT18245 ... WD PACKAGE 
SN74LVT18245 . . . DGG OR DL PACKAGE 
(TOP VIEW) 
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{J 
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46 


]gnd 
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40 
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37 
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v C ct 


22 


35 
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23 


34 
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24 
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25 


32 
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2DIR[ 


26 


31 


]20E 


TDO[ 


27 


30 


]TDI 


TMS[ 


28 


29 


]tck 



description 



The SN54LVT18245 and SN74LVT18245 scan test devices with 18-bit bus transceivers are members of the 
Texas Instruments SCOPE™ testability IC family. This family of devices supports IEEE Standard 1149.1-1990 
boundary scan to facilitate testing of complex circuit board assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port (TAP) interface. 

Additionally, these devices are designed specifically for low-voltage (3.3-V) Vfjc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

In the normal mode, these devices are 1 8-bit noninverting bus transceivers. They can be used either as two 9-bit 
transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers. 



SCOPE and Widebus are trademarks of Texas Instruments Incorporated. . 

PRODUCT PREVIEW information concerns products in the formative or x _ Copyright © 1 993, Texas Instruments Incorporated 

design phase of development. Characteristic data and other Pii ____ 

specifications are design goals. Texas Instruments reserves the right to ▼t'jP Tr?A/" AC* 

change or discontinue these products without notice. \f I K'.X/A^ 
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description (continued) 

Data flow is controlled by the direction-control (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus depending upon the logic level at DIR. The 
output-enable (OE) can be used to disable the device so that the buses are effectively isolated. 

In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is 
enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform 
boundary scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform 
other testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation 
from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT1 8245 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin count 
and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54LVT1 8245 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT1 8245 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(normal mode, each 9-bit section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 
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functional block diagram 



1DIR 



10E 



56 



55 j 
1A1 | 



2DIR 



20E 



— > 



43 I x 
2A1 | 4 



TDI 



TMS 



TCK 



Boundary-Scan Register 




One of Nine Channels 



D- 




One of Nine Channels 



1B1 
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2B1 




TDO 



UJ 
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UJ 
IX 
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Terminal Functions 



PIN NAME 


DESCRIPTION 


GND 


Ground 


TCK 


Test clock. 0n6 of four terminals required by IEEE Standard 1149.1-1990. Test opG rations of thG dGvico are synchronous to 
thG tGst clock. Data is captured on the rising GdgG of TCK and outputs change on the falling edgG of TCK. 


TDI 


Test data input. OnG of four tGrminals required by IEEE Standard 1 1 49. 1 -1 990. The test data input is the serial input for shifting 
data through the instruction register or selected data registGr. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 11 49.1 -1 990. The test data output is the serial output for 
shifting data through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1 1 49. 1 -1 990. The test mode select input directs the device 
through its test access port (TAP) controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 


1A1-1A9, 
2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9, 
2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1DIR, 2DIR 


Normal-function direction controls. See function table for normal-mode logic. 


10E, 20E 


Normal-function output enables. See function table for normal-mode logic. 



^ Texas 
Instruments 

10-6 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVT18245, SN74LVT18245 
3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT BUS TRANSCEIVERS 

SCBS161 - AUGUST 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output In the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT18245 96 mA 

SN74LVT18245 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT18245 48 mA 

SN74LVT18245 64 mA 

Input clamp current, Iik (V| < 0) -50 mA 

Output clamp current, Iqk ( v 0 < °) -50 mA 

Maximum power dissipation at TX = 55°C (in still air): DGG package 1 W 

DL package 0.95 W 

Storage temperature range , -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT18245 


SN74LVT18245 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


24 


32 


mA 


"OL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 3) 



PARAMETER 


TEST CONDITIONS 


SN54LVT1 824.5 

wlwtLV 1 lOfcti/ 


SN74LVT1 8245 

Will *tLV 1 lUfiitv 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


VlK 


\j nn _ o 7 V h - -1 ft mA 

V — f V 5 11— ion ir\ 


-1.2 


-1 .2 


V 


VOH 


Vno - MIN tr> MAXT- \r\Lj - -100 nA 




V CC 


V 


Upp _ p 7 v I^l, _ _ Q m A 

v uO — £ -' v ' 'OH - o iiim 


2.4 


2.4 


V C C = 3V, l 0 H = -24mA 


2 




V C C = 3V, l 0 H = -32mA 




2 


vol 


Vcc = 2.7 V, loL = 1 00^ A 


0.2 


0.2 


V 


Vcc = 2.7 V, loL = 24mA 


0.5 


0.5 


VcC = 3V, loL=16mA 


0.4 


0.4 


VcC = 3V, loL = 32mA 


0.5 


0.5 


Vcc = 3 V lOL = 4 8 mA 


0.55 




Vcc = 3 V, IQL = 64 mA 




0.55 


i| 


V C C = 3 -6 V V| = V C C or GND 


DIR. OE, 
TCK 


+1 


+1 


^lA 


V C Q = 0 or MAX*, V| = 5.5V 


10 


10 


V C c = 3 -6V, V| = 5.5V 


TDI, TMS 


50 


50 


V C C = 3 -6 V V| = V C C 


1 


1 


V C C = 3 -6 V, V| = 0 


-100 


-100 


V C C = 3 -6 V, V| = 5.5 V 


A or B ports§ 


20 


20 


V C C = 3 -6V, V| = V C C 


1 


1 


V C C = 3 -6V, V| = 0 


-5 


-5 


'off 


Vcc = 0- V| or Vq = 0 to 4.5 V 




±100 


|iA 




v C c = 3 v 


V| = 0.8 V 


A or B ports 


7 - 


75 


HA 


V| = 2 V 


-75 


-75 


'OZH 


V C C = 3 -6 V, V 0 = 3 V 


1 


1 


uA 


'OZL 


Vcc = 3 -6V, Vq = 0.5V 


-1 


-1 


HA 


'cc 


V C C = 3 -6V, l O = 0, 
V| = V C C or GND 


Outputs high 


2 


2 


mA 


Outputs low 


15 


15 


Outputs 
disabled 


2 


2 




Vcc = 3 v to 3.6 V, One input at Vcc ~ 0-6 V, 
Other inputs at Vcc or G" ND 


0.2 




mA 


Cj 


V| = 3 V or 0 


4 


4 


pF 


Qo 


Vq = 3 V or 0 


11 


11 


PF 


C 0 


Vq = 3 V or 0 


8 


8 


pF 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice, 
t All typical values are at Vcc = 33 V Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 3 and Figure 1) 





SN54LVT18245 


SN74LVT18245 


UNIT 


V C C = 3.3V 
±0.3 V 


Vcc = 2.7 V 


V C C = 3.3 V 
±0.3 V 


Vcc = 27 v 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


f clock Clock frequency 


TCK 






0 50 




MHz 


t w Pulse duration 


TCK high or low 






8.1 




ns 


t su Setup time 


A, B, DIR. or OE before TCKt 






7 




ns 


TDI before TCKt 






4.5 




TMS before TCKt 






3.6 




t n Hold time 


A, B, DIR, or OE after TCKt 






0 




ns 


TDI after TCKt 






0 




TMS after TCKt 






0.5 




td Delay time 


Power up to TCKt 






50 




ns 


t r Rise time 


VrjC power up 






1 




^s 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 3 and Figure 1) 









SN54LVT18245 


SN74LVT18245 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3V 
±0.3V 


V C C = 2.7V 


V C C = 3.3V 
±0.3V 


V C C = 2.7V 


UNIT 








MIN MAX 


MAX 


MIN 


MAX 


MAX 




tPLH 


A or B 


BorA 






1.5 


4.8 






tPHL 






1.5 


5.4 




ns 


tpZH 


OE 


BorA 






3 


8.5 




ns 


tPZL 






3 


9 




tPHZ 


OE 


BorA 






3 


9.5 




ns 


tPLZ 






3 


9.5 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 3 and Figure 1) 









SN54LVT18245 


SN74LVT18245 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3V 
±0.3V 


V C C = 2.7V 


V C C = 3.3V 
+ 0.3V 


V C C = 2.7V 


UNIT 








MIN MAX 


MAX 


MIN 


MAX 


MAX 




f max 


TCKi 








50 




MHz 


tPLH 


TCKl 


A or B 






3 


13.1 




ns 


tPHL 






3 


12.8 




tPLH 


TCKl 


TDO 






2 


6.1 




ns 


tPHL 






2 


6.5 




tPZH 


TCKi 


A or B 






4 


13.4 




ns 


tPZL 






4 


13.6 




tPZH 


TCK4 


TDO 






2 


6.6 




ns 


tPZL 






2.5 


6.9 




tPHZ 


TCK4 


A or B 






3.5 


13.6 




ns 


tPLZ 






2.5 


12.7 




*PHZ 


TCK4 


TDO 






2 


7.2 




ns 


tPLZ 






1.5 


6.3 





NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 
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From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q 

—AAA/ — 



500 Q 



o 6V 

SI/* o Open 
9 GND 



TEST 


S1 


tPLH^PHL 
tPLZ/tpZL 
tPHZ^PZH 


Open 
6 V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 X 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



0V 



Data Input 



tfSII > 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
OV 



Input 
(see Note B) 



Output 



Output 



2.7 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



° Utput VlTv Vl.5V 
Control A 15V A 



l PZL 



Output 
Waveform 1 
S1 at 6 V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
VOL (see Note C) 



! tpi-z-H \ 



\l.5V \S " 

| tpHZ-^ l f~ 



2.7 V 
0V 

3 V 



■f-t------ vol 

I tpHz-^ k- 
tpzH-^ ^- ] 



« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE ™ Family of Testability Products 

Members of the Texas Instruments 
Widebus ™ Family 

State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
Bus-Hold Data Inputs Eliminate the Need for 
External Pullup Resistors 



Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 
and Boundary-Scan Architecture 
SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and P1 149.1 A CLAMP and 

V HIGHZ 

- Parallel Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
Packages Using 0.5-mm Center-to-Center 
Spacings and 68-Pin Ceramic Quad Flat 
Packages Using 25-mil Center-to-Center 
Spacings 



SN54LVT18502 . . . HV PACKAGE 
(TOP VIEW) 
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CD 
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CD _ 

UJ Q t- CM CO 

w — i O CD CD CD 



1A3 
1A4 
1A5 
GND 
1A6 
1A7 
1A8 
1A9 
NC 

V CC 
2A1 
2A2 
2A3 
GND 
2A4 
2A5 
2A6 



nn^rnrnriririi~iririririrni~irnrn 



[ 10 
[ 11 

[ 12 
[ 13 
C 14 
[ 15 
[ 16 
[ 17 
[ 18 
[ 19 
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[ 22 
[ 23 
[ 24 
[ 25 
[ 26 



9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 



60 

59 U 
58 P 
57 
56 ] 
55 ] 
54 

53 p 

52 p 

51 

50 

49 

48 

47 

46 

45 

44 



27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

JUUUUUUUUUUU 



1B4 

1B5 

1B6 

GND 

1B7 

1B8 

1B9 

V C C 

NC 

2B1 

2B2 

2B3 

2B4 

GND 

2B5 

2B6 

2B7 



< ■< < 2 
CM CM CM g 



CD CD 
< < 
LU LU 



; o o * < < q 

> h- * m § 

O CM 
CM 



< O) 00 

CQ CD CD 

LU CM CM 

O 



NC - No internal connection 
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SN74LVT18502 . . . PM PACKAGE 
(TOP VIEW) 
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UJ Q ^ CM CO 
O £ CD CD CD 



1A3 [ 
1A4 [ 
1A5 C 
GND [ 
1A6 C 
1A7 [ 
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1A9 C 

VccC 

2A1 

2A2 C 
2A3 C 
GND C 
2A4 [ 
2A5 C 
2A6[ 



64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 



17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 
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48 


J 1 


47 


J I DO 


46 


"I -i DC 
J I DO 


45 


]gnd 


44 


] 1B7 


43 


] 1B8 


42 


] 1B9 


41 


Jvcc 


40 


J2B1 


39 


]2B2 


38 


]2B3 


37 


] 2B4 


36 


]gnd 


35 


]2B5 


34 


]2B6 


33 


]2B7 
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< < < z 

CM CM CM g 



< < < 
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CM 



description 



The SN54LVT1 8502 and SN74LVT1 8502 scan test devices with 1 8-bit universal bus transceivers are members 
of the Texas Instruments SCOPE™ testability IC family. This family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of complex circuit board assemblies. Scan access to the test 
circuitry is accomplished via the 4-wire test access port (TAP) interface. 

Additionally, these devices are designed specifically for low-voltage (3.3-V) Vqq operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

In the normal mode, these devices are 1 8-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. They can be used either as two 9-bit 
transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ universal bus transceivers. 



Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when 
LEAB is high. When LEAB is low, the A-bus data is latched while CLKAB is held at a static low or high logic level. 
Otherwise, if LEAB is low, A -bus d ata is stored on a low-to-high transition of CLKAB. When OEAB is low, the 
B outputs are active. When OEAB is hi gh, the B outputs are in the high-impedance state. B-to-A data flow is 
similar to A-to-B data flow but uses the OEBA, LEBA, and CLKBA inputs. 
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description (continued) 

In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform 
other testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation 
from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54LVT1 8502 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT18502 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKAB 


A 


B 


L 


L 


L 


X 


Bo* 


L 


L 


t 


L 


L 


L 


L 


T 


H 


H 


L 


H 


X 


L 


L 


L 


H 


X 


H 


H 


H 


X 


X 


X 


Z 



t A-to-B d ata flow is shown. B-to-A data flow is similar 

but uses OEBA, LEBA, and CLKBA. 
t- Output level before the indicated steady-state input 

conditions were established. 
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functional block diagram 



"O 
33 
O 
D 



■o 

73 

m 

< 

m 



1LEAB 



60 



1CLKAB 



59 



10EAB 



62 



1LEBA" 



54 



1CLKBA 



55 



10EBA- 



53 



2LEAB 



2CLKAB 



22 



23 



20EAB 



21 



2LEBA " 



28 



2CLKBA 



27 



20EBA - 



30 



2A1 



ir 



TDI - 



vcci 

24 < 



TMS " 



vcci 

56 J 



TCK 



26 



-DM 



Boundary-Scan Register 



o 



One of Nine Channels 



.Jl 



C1 1 — ' 
1D 



ah- 1 

1D 



O 



One of Nine Channels 



HC1 

1D 



Bypass Register 



Boundary-Control 
Register 



■ 4^-1B1 



J-<H 



40 



2B1 



Identification 
Register 



Instruction 
Register 



TAP 
Controller 



rr 



4) 



58 



TDO 



Pin numbers; shown are for the PM package. 
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Terminal Functions 


PIN NAME 


DESCRIPTION 


GND 


f^rm inri 
vaiuunu 


TCK 


Tiact plofk Onp r»f fni ir tnrminalQ rani liraH hv IFFF fttanrtarri 1 1 4Q 1 -1 QQO "Tact onoratinnc nf tha riavipo ara cvnphrnnni i<s 
icoi wivA^iv. wi IB ui iuui ioi ii iii icuo ibv|uiiou uy ittc oicuiuaiu i ito. i isvms. iooi uuoiauui io wi uic» ucvii<c cue oyiHsiiiuiiuuo 

to the test clock. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Tact Hata inrtiit Ono f\f imtr torminalc ram liraH K\/ II-F-I— QtanHarrl 11 AO. 1-1 QQO. Tha tact Hata inmit ic tha carial inmit tf\r 

ICOl UCllCt HIUUl- VyllC UI lUUI IOI 1 1 III IdlO lt?v|UIII?U Uy IEuC OlCIIIUCtlU 1 l*r»7. 1 IS7S7U. 1 lit? lOOl UdlCt IIIUUl 19 11 IC oCIICll nipui IUI 

shifting data through the instruction register or selected data register. An internal pullup forces TDI to a high level if left 
unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1 149.1 -1 990. The test data output is the serial output 
for shifting data through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. The test mode select input directs the 
device through its test access port (TAP) controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 


1A1-1A9, 
2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9, 
2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1CLKAB, 1CLKBA, 
2CLKAB, 2CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


1LEAB, 1LEBA, 
2LEAB, 2LEBA 


Normal-function latch enables. See function table for normal-mode logic. 


10EAB, 10EBA, 
20EAB, 20EBA 


Normal-function output enables. See function table for normal-mode logic. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc ~0- 5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, \q\ SN54LVT18502 96 mA 

SN74LVT18502 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT1 8502 48 mA 

SN74LVT18502 64 mA 

Input clamp current, Ijk (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): PM package 885 mW 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 
2. This current Will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT18502 


SN74LVT18502 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


■oh 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


24 


32 


mA 


>OL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



* Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 3) 



PARAMETER 


1 CO 1 V/vliUI 1 Iwliu 


SN54LVT18502 


SN74LVT18502 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = MIN to MAX*, Iqh = -100 oA 


VcC-0.2 


Vcc-0.2 


V 


V C C = 2.7V, l 0 H = -8mA 


2.4 


2.4 


VcC = 3V, Iqh = -24 mA 


2 




VCC = 3V, Iqh = -32 mA 




2 


vol 


V C C = 2.7 V, l O L = 100^A 


0.2 


0.2 


V 


Vcc = 2.7 V, loL = 24mA 


0.5 


0.5 


VcC = 3V, l 0 L = 16mA 


0.4 


0.4 


VCC = 3 V, l 0 L = 32 mA 


0.5 


0.5 


VcC = 3V, l 0 L = 48mA 


0.55 




Vcc = 3V, lQL = 64mA 




0.55 


M 


Vcc = 3 6 V, V| = Vcc or GND 


CLK, LE, OE, 
TCK 


±1 


±1 


nA 


Vcc = 0 or MAX*, V| = 5.5 V 


10 


10 


V C C = 3 6 V, V| = 5.5 V 


TDI, TMS 


50 


50 


V C C = 36 V, V| = V C C 


1 


1 


Vcc = 3.6 V, V| = 0 


-100 


-100 


Vcc = 3.6 V, V| = 5.5 V 


A or B ports§ 


20 


20 


V C C = 3-6V, V| = Vcc 


1 


1 


V C c = 3-6 V, V| = 0 


-5 


-5 


'off 


Vcc = 0. V| or Vq = 0 to 4.5 V 




±100 


HA 


'l(hold) 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


HA 


V| = 2 V 


-75 


-75 


'OZH 


Vcc = 36 V, Vo = 3 V 


1 


1 


MA 


'OZL 


Vcc = 36 V, Vq = 0.5 V 


-1 


-1 


MA 


'cc 


V C C = 3.6 V, '0 = 0, 
V| - V C c or GND 


Outputs high 


2 


2 


mA 


Outputs low 


15 


15 


Outputs disabled 


2 


2 


Alec 11 


Vcc = 3 V to 3.6 V, One input at Vcc ~ 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Qo 


V 0 = 3VorO 


11 


11 


PF 


C 0 


Vq = 3 V or 0 


8 


8 


PF 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice, 
t All typical values are at Vcc = 3 3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 3 and Figure 1) 





SN54LVT18502 


SN74LVT18502 


UNIT 


V C C = 3.3V 
± 0.3 V 


V C C = 2.7V 


V C C = 3.3V 
± 0.3 V 


V C C = 2.7V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


CLKAB or CLKBA 






0 100 




MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 






3.5 




ns 


LEAB or LEBA high 






3.5 




t su Setup time 


A before CLKABf or 
B before CLKBAt 






4 




ns 


A before LEABl or B 
before LEBAi 


CLK high 






3.5 




CLK low 






2 




t n Hold time 


A after CLKABt or 
B after CLKBAt 






0 




ns 


A after LEABi or B after LEBAl 






2 





timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 3 and Figure 1) 







SN54LVT18502 


SN74LVT18502 








V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




f clock Clock frequency 


TCK 






0 50 




MHz 


t w Pulse duration 


TCK high or low 






8 




ns 




A, B, CLK, LE, or OE before TCKt 






4.5 






t su Setup time 


TDI before TCKt 






7.5 




ns 




TMS before TCKt 






3 








A, B, CLK, LE, or OE after TCKt 






0.5 






t n Hold time 


TDI after TCKt 






0.5 




ns 




TMS after TCKt 






0.5 






t(j Delay time 


Power up to TCKt 






50 




ns 


t r Rise time 


Vcc power up 






1 ! 




US 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 3 and Figure 1) 









SN54LVT18502 


SN74LVT18502 




DA D A UCTCD 
rAKAMt 1 tri 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 3-3 V 
±0.3V 


Vcc ~ 2 - 7 v 


V C C = 3.3 V 
±0.3V 


Vcc - 2 - 7 v 


UNIT 








MIN MAX 


MAX 


MIN 


MAX 


MAX 




f max 


CLKAB or CLKBA 








100 




MHz 


tPLH 


A or B 


B or A 






2 


6 




ns 


tPHL 






2 


6 




tPLH 


CLKAB or CLKBA 


B or A 






2.5 


6 




ns 


tPHL 






2.5 


6 




tPLH 


LEAB or LEBA 


B or A 






2.5 


7 




ns 


tPHL 






2.5 


7 




tPZH 


OEAB or OEBA 


B or A 






2 


7 




ns 


tPZL 






2.5 8 




tPHZ 


OEAB or OEBA 


B or A 






3 


8.8 




ns 


tPLZ 






2.5 


7.3 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 3 and Figure 1) 









SN54LVT18502 


SN74LVT18502 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3-3 V 
±0.3 V 


V C C = 2.7 V 


Vcc = 3.3 V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MAX 


MIN 


MAX 


MAX 




f max 


TCK 








50 




MHz 


tPLH 


TCKl 


A or B 






2.5 


13.5 




ns 


tPHL 






2.5 


12.4 




tPLH 


TCK^l 


TDO 






2 


5.6 




ns 


tPHL 






2 


6 




tPZH 


TCKvl 


A or B 






4.5 


13.4 




ns 


tpZL 






5 


14 




tPZH 


TCKl 


TDO 






2.5 


6.8 




ns 


tPZL 






3 


7.5 




tPHZ 


TCK4- 


A or B 






4 


16.3 




ns 


tPLZ 






3.5 


15.3 




tPHZ 


TCKvi- 


TDO 






3 


7.6 




ns 


tPLZ 






3 


7.6 





NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 1 0-21 



SN54LVT1 8502, SN74LVT1 8502 
3.3-V ABT SCAN TEST DEVICES WITH 
18-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS1 62 - AUGUST 1 993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF ^ 
(see Note A) 



500 ft 

-AA/V— 



500 a 



si, 



o 6V 

O Open 
9 GND 



TEST 


S1 


tPLH/*PHL 
tPLZ'tpZL 
tPHZ/*PZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 ^ 15V 



Timing Input 



2.7 V 



OV 



Data Input 



2.7 V 
0V 



2.7 V 
0V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



tpZL 



r 

■- i . 
j tpLZ "1 u 



\l.5V Y 

A / VOL + 0-3V 



| tpHZ-^ W 
tpZH-^ |4- 



2.7 V. 
0V 

3V 

vol 



V O H-0.3V V ° H 
— «0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C[_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 ft, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Members of the Texas Instruments 
Widebus ™ Family 
State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 

Bus-Hold Data Inputs Eliminate the Need for 
External Pullup Resistors 



Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 
and Boundary-Scan Architecture 
SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and P1 149.1 A CLAMP and 
HIGHZ 

- Parallel Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
Packages Using 0.5-mm Center-to-Center 
Spacings and 68-Pin Ceramic Quad Flat 
Packages Using 25-mil Center-to-Center 
Spacings 



SN54LVT18504 . . . HV PACKAGE 
(TOP VIEW) 



CO CM t- 

< < < o 



2 o n 
P >°z 



< 

CD 
CO 5 



Q 

t- "Z- CM CO 
CD CD CD CD CD 



A4 [ 
A5[ 
A6[ 
GND [ 
A7[ 
A8[ 
A9[ 
A10[ 
NC[ 

VccH 

A11 [ 
A12[ 
A13[ 
GND [ 
A14[ 
A15 [ 
A16[ 



9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 



60 ] 
59 ] 
58 ] 
57] 
56 ] 
55 ] 
54] 
53 ] 
52] 
51] 
50 ] 
49 ] 
48 ] 
47] 
46 ] 
45 ] 
44 ] 



27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 



JUUUUUUUUUUUUUuuu 



B5 

B6 

B7 

GND 

B8 

B9 

B10 

V C C 

NC 

B11 

B12 

B13 

B14 

GND 

B15 

B16 

B17 



o 

< < < Ik < 



N CO O) Q 

- z 

CD 



CD CD 
< 3 



ID — I 
* O 



O 



O * 



CD Q 
< Z 



O O) 00 
CM t- t- 

cn cd cn 



o 



NC - No internal connection 
SCOPE, Widebus, and UBT are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN74LVT18504 . . . PM PACKAGE 
(TOP VIEW) 



Q 

CO CM r- 2 

< < < (D 



< < 

o _i 



o ^ 
> I— 



J r- ^ W CO \f 
O CO O CD CQ CO 



nnnnnnnnnnnnnnrnn 



A4 C 1 
A5 L 2 
A6 C 3 
GND [ 4 
A7 [ 5 
A8 C 6 
A9 [ 7 
A10 C 8 
V C cC9 
A11 [ 10 
A12 [ 11 
A13 [ 12 
GND C 13 
A14 [ 14 
A15 [ 15 
A16 C 16 



64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 



17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

uuuuuuuuuuuuuuuu 



] B5 
] B6 
]B7 

]gnd 

] B8 
] B9 
] B10 

]v cc 
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description 



The SN54LVT1 8504 and SN74LVT1 8504 scan test devices with 20-bit universal bus transceivers are members 
of the Texas Instruments SCOPE™ testability IC family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 

Additionally, these devices are designed specifically for low-voltage (3.3-V) Vqc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

In the normal mode, these devices are 20-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. The test circuitry can be activated by the 
TAP to take snapshot samples of the 'data appearing at the device pins or to perform a self test on the boundary 
test cells. Activating the TAP in the normal mode does not affect the functional operation of the SCOPE™ 
universal bus transceivers. 



Data flow in e ach directio n is c ontrolled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
clock-enable (CLKENAB and CLKENBA), and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the 
device ope rates in the transparent mode when LEAB is high. When LEAB is low, the A-bus data is latched while 
CLKENAB is high and/or CLKAB is held at a static low or high logic level. Oth erwise, if LEAB is low and 
CLKENAB is low, A-bus data is stored on a low-to-high transition of CLKAB. When OEAB is low, the B outputs 
are active. When OEAB is hi gh, the B outp uts are in th e high-impedance state. B-to-A data flow is similar to 
A-to-B data flow but uses the OEBA, LEBA, CLKENBA, and CLKBA inputs. 
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description (continued) 

In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled the test circuitry 
performs boundary scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform 
other testing functions such as parallel signature analysis on data inputs and pseudo-random pattern generation 
from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54LVT1 8504 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT18504 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKENAB 


CLKAB 


A 


B 


L 


L 


L 


L 


X 


B 0 * 


L 


L 


L 


t 


L 


L 


L 


L 


L 


t 


H 


H 


L 


L 


H 


X 


X 


Bo* 


L 


H 


X 


X 


L 


L 


L 


H 


X 


X 


H 


H 


H 


X 


X 


X 


X 


Z 



t A-to-B dataflow is shown. B-to-A data flow is similar but uses OEBA, 

LEBA, CLKENBA, and CLKBA. 
* Output level before the indicated steady-state input conditions were 

established. 
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functional block diagram 



CLKENAB 



22 



LEAB 



27 



CLKAB 



23 



Boundary-Scan Register 




TDO 



Pin numbers shown are for the PM package. 
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Terminal Functions 


PIN NAME 


DESCRIPTION 


A1 - A20 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B20 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CLKAB, CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


CLKENAB, 
CLKENBA 


Mncmal-f i in<^tirvn f\r\t*le ortaKlac Qoa fiinr>tirtn tahlo fnr nnrma 1-moHo Innir* 
iMU/i ■ i icti iui ioiiui i oiuL>r\ ci lduico. oco luiiviiuii ictuic iiumicii iinjuc luyio. 


GND 


Ground 


LEAB, LEBA 


Normal-function latch enables. See function table for normal-mode logic. 


OEAB, OEBA 


Normal-function output enables. See function table for normal-mode logic. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1 1 49.1-1 990. Test operations of the device are synchronous 
to the test clock. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. The test data input is the serial input for 
shifting data through the instruction register or selected data register. An internal pullup forces TDI to a high level if left 
unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. The test data output is the serial output 
for shifting data through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. The test mode select input directs the 
device through its test access port (TAP) controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqq -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT18504 96 mA 

SN74LVT18504 ...128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT1 8504 48 mA 

SN74LVT18504 64 mA 

Input clamp current, l|« (Vj < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ■ ■ • ■ ■ ■ -50 mA 

Maximum power dissipation at = 55°C (in still air): PM package 885 mW 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT18504 


SN74LVT18504 








MIN 


MAX 


MIN 


MAX 


UNIT 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


>OL 


Low-level output current 


24 


32 


mA 


lOL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



$ Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 3) 



PARAMETER 


TEST CONDITIONS 


SN54LVT18504 


SN74LVT18504 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l|=-18mA 


-1.2 


-1 .2 


V 


V 0 H 


Vqc = MIN to MAX*, Ioh = "100 MA 


Vcc-0.2 


VCC-0.2 


V 


V C C = 2.7V, l 0 H = -8mA 


2.4 


2.4 


VCC = 3V, l 0 H = -24mA 


2 




VCC = 3V, l 0 H = -32mA 




2 


vol 


V C C = 2.7V, Iol = 100|iA 


0.2 


0.2 


V 


Vqc = 2.7 V, Iql = 24 mA 


0.5 


0.5 


VcC = 3V, loL = 16mA 


0.4 


0.4 


VQC = 3 V, Iol = 32 mA 


0.5 


0.5 


VQC = 3 V, Iql = 48 mA 


0.55 




VQC = 3 V, Iql = 64 mA 




0.55 


ii 


Vqc = 3.6 V, V| = V C C or GND 


CLK, CLKEN, LE, 


±1 


±1 


uA 


Vcc = 0 or MAX*, V| = 5.5 V 


OE, TCK 


10 


10 


VQC = 3-6 V, V| = 5.5 V 


TDI.TMS 


50 


50 


V C C = 3.6 V, V| = V C C 


1 


1 


Vcc = 3.6 V, V| = 0 


-100 


-100 


VCC = 3-6 V, V| = 5.5 V 


A or B ports§ 


20 


20 


V C C = 3.6 V, V| = V C C 


1 


1 


Vcc = 3.6 V, V| = 0 


-5 


-5 


'off 


Vcc = 0. V|orVQ = 0to4.5V 




+ 100 


uA 


'l(hold) 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


uA 


V| = 2 V 


-75 


-75 


•OZH 


V C C = 3.6 V, V 0 = 3 V 


1 


1 


uA 


'OZL 


V C C = 3.6 V, V O = 0.5V 


-1 


-1 


uA 


>CC 


V C C = 3.6 V, l O = 0, 
V| - Vcc or GND 


Outputs high 


2 


2 


mA 


Outputs low 


15 


15 


Outputs disabled 


2 


2 


Alec 11 


Vcc = 3 V to 3.6 V, One input at Vcc " 0 6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


4 


4 


pF 


Qo 


V 0 = 3 V or 0 


11 


11 


PF 


C 0 


VQ = 3VorO 


8 


8 


PF 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice, 
t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 3 and Figure 1) 





SN54LVT18504 


SN74LVT18504 


UNIT 


V C C = 3.3V 
+ 0.3 V 


V C C = 2.7V 


V C C = 3.3 V 
± 0.3 V 


V C C = 2-7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


CLKAB or CLKBA 






0 100 




MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 






4 




ns 


LEAB or LEBA | CLK high or low 






o.o 




t su Setup time 


A before CLKABt or 
B before CLKBAt 






4 




ns 


A before LEABi 
or B before 
LEBAi 


CLK high 






3.5 




CLK low 






2 




CLKEN before CLKT 






4 




t n Hold time 


A after CLKABt or 
B after CLKBAt 






0 




ns 


A after LEABl or B after LEBAi 






2 




CLKEN after CLKt 






0 





timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 3 and Figure 1) 









SN54LVT18504 


SN74LVT18504 










V C C = 3.3 V 
±0.3V 


V C C = 2 -7 V 


V C C = 3.3 V 
+ 0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




fclock 


Clock frequency 


TCK 






0 50 




MHz 


t w 


Pulse duration 


TCK high or low 






8 




ns 




Setup time 


A, B, CLK, CLKEN, LE, orOE 
before TCKt 






4.5 






W 


TDI before TCKt 






7.5 




ns 






TMS before TCKt 






3 






th 


Hold time 


A, B, CLK, CLKEN, LE, orOE 
after TCKt 






0.5 






TDI after TCKt 






0.5 




ns 






TMS after TCKt 






0.5 






td 


Delay time 


Power up to TCKt 






50 




ns 


t r 


Rise time 


Vcc power up 






1 




(IS 



NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 3 and Figure 1) 









SN54LVT18504 


SN74LVT18504 




DADAMCTCD 

rAKAMt 1 En 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
+ 0.3V 


Vcc = 2.7 v 


V C C = 3.3 V 
±0.3 V 


Vcc = 2 - 7 v 


1 IMIT 
UNI 1 








MIN MAX 


MAX 


MIN 


MAX 


MAX 




fmax 


CLKAB or CLKBA 








100 




MHz 


tPLH 


A or B 


B or A 






2 


6 




ns 


tPHL 






2 


6.5 




tPLH 


CLKAB or CLKBA 


Bor A 






2.5 


6.8 




ns 


tPHL 






2.5 


6.5 




tPLH 


LEAB or LEBA 


B or A 






2.5 


7.1 




ns 


tPHL 






2.5 


7.2 




tPZH 


OEAB or OEBA 


Bor A 






2 


7 




ns 


tpZL 






2.5 


8 




tPHZ 


OEAB or OEBA 


B or A 






3 


8.8 




ns 


*PLZ 






2.5 


7.3 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 3 and Figure 1) 









SN54LVT18504 


SN74LVT18504 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3V 
±0.3V 


V C C = 2-7V 


UNIT 








MIN MAX 


MAX 


MIN 


MAX 


MAX 




fmax 


TCK 








50 




MHz 


tPLH 


TCKi 


AorB 






2.5 


13.5 




ns 


tPHL 






2.5 


12.5 




tPLH 


TCKl 


TDO 






2 


5.6 




ns 


tPHL 






2 


6.5 




tpZH 


TCK>1 


AorB 






4.5 


13.8 




ns 


tPZL 






5 


14.5 




tpZH 


TCK4^ 


TDO 






2 


7 




ns 


tPZL 






3 


7.5 




tPHZ 


TCK4- 


A or B 






4 


17 




ns 


tPLZ 






3.5 


16 




tPHZ 


TCKi 


TDO 






3 


7.5 




ns 


tPLZ 






3 


7.5 





NOTE 3: Product preview specifications are design goals only and are subject to change without notice. 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 1 0-3 1 



SN54LVT1 8504, SN74LVT1 8504 
3.3-V ABT SCAN TEST DEVICES WITH 
20-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS163 -AUGUST 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50pF 
(see Note A) 



500 Q 

-AAAr- 



500 Q 



o 6V 
O Open 

9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ'tPZL 
tPHZ^PZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



0V 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
0V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at6V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



tpzL — ►! k— 



tPLZ 



\ 15V | y VQL + 0-3V 



2.7 V 
0V 

3 V 

vol 



I *PHZ-*I |*~ 
tPZH-^ |«- ] 

_JGT^^ VoH 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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General Information 



1 



ABT Octals 


2 


ABT Wldebus™ 




ABTE/ETL Widebus™ Q 


ABT Wldebus+™ 


5 


ABT Memory Drivers 


6 


ABT 25-Q Incident-Wave Switching Drivers 


Futurebus+/BTL Transceivers 


8 


ABT JTAG/IEEE 1149.1 


9 


LVT JTAG/IEEE 1149.1 


10 


LVT Octals 


11 


LVT Widebus™ 


LVT Memory Drivers 


13 


LVT/GTL Widebus™ 


14 


Application Notes and Articles 


15 


ABT Characterization Information 


16 


Mechanical Data 


17 
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Features 

EPIC-IIB™ BiCMOS process with special • 
low-voltage enhancements 

Mixed-mode circuitry 

Expanded Vqc range from 2.7 V to 3.6 V 

Bus-hold circuitry 

Power-on-demand active feedback 
circuitry 

SOIC and EIAJ TSSOP packaging # 
Tl has established an alternate source 



Benefits 

3.3-V logic family with equivalent speed 
and drive performance of 5-V ABT logic 
family - not just a recharacterized or 
scaled CMOS 

Complete input and output compatibility with 5 
signals combined with a pure 3.3-V internal si 
signal - provides bidirectional 3-V to 5-V 
translation 

AC performance optimized for both regulated 
supply and unregulated battery operation 

Reduces component count by eliminating nee 
for external pullup or pulldown resistors on I/O 
pins configured as inputs left unused or floatin 

Reduces disabled static power consumption 

Cccz) t0 as ,ittle as °1 mA f° r power- 
conscious portable and battery-powered 
equipment 

Space-saving and height-saving surface-mour 
package options, pin compatible with existing 
families for easy conversion 

Standardization that comes from a common 
product approach 
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I • State-of-the-Art Advanced BiCMOS 
I Technology (ABT) Design for 3.3-V 
I Operation and Low-Static Power 
I Dissipation 

[ • Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

• Supports Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 3.3 V, T A = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Package Options Include Plastic 
Small-Outline (SOIC), Shrink Small-Outline 
(SSOP), and Thin Shrink Small-Outline 
(TSSOP) Packages, Ceramic Chip Carriers, 
and Plastic and Ceramic DIPs 

description NC - No internal connection 

These bus buffers are designed specifically for low-voltage (3.3-V) Vqc operation, but with the capability to 
provide a TTL interface to a 5-V system environment. 

The 'LVT125 features independent line drivers with 3-state outputs. Each output is in the high-impedance state 
when the associated output-enable (OE) input is high. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT1 25 is packaged in TTs shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT1 25 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74LVT125 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each buffer) 


INPUTS 


OUTPUT 


OE A 


Y 


L H 


H 


L L 


L 


H X 


Z 



SN54LVT125 ... J PACKAGE 
SN74LVT125 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVT125 . . . FK PACKAGE 
(TOP VIEW) 

I LU _ OILU 

< o o o o 

1— 1— <■«- .> ^" 



1Y ]4 
NC ]5 
20E ]6 
NC ]7 
2A ]8 



LJLJL-JI— ll_l 

3 2 1 20 19 



9 10 11 12 13 



18[ 
17[ 
16[ 
15[ NC 
14[ 30E 



4A 
NC 
4Y 



> O O > < 
cm 2 2 00 00 
CD 



UNLESS OTHERWISE NOTED this document contains PRODUCTION — Copyright © 1993, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to Jil 
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logic symbolt 



10E 

1A 
20E 

2A 
301 

3A 
401 

4A 



1 


l\ 


2 


4 


l\ 


5 


10 


l\ 


9 


13 




12 



EN 1 



11 



1Y 



2Y 



3Y 



4Y 



logic diagram (positive logic) 

t 

1 JS^ 

10E 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 



1A 



20E 



2A 



30E 



3A 



40E 



4A 



— — V 

2 




- — i> 




5 












- — P 




12 


7. , 



1Y 



2Y 



3Y 



4Y 



Pin numbers shown are for the DB, DW, J, and PW packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc • • v t0 4.6 V 

Input voltage range, V| (see Note 1 ) . -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) .... -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT125 96 mA 

SN74LVT125 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT125 48 mA 

SN74LVT125 64 mA 

Input clamp current, l||< (V| < 0) -50 mA 

Output clamp current, Iqk (^0 < 0) ■ • ~50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.6 W 

DW package 0.85 W 

PW package 0.5 W 

Storage temperature range . -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vcc- 
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SN54LVT125, SN74LVT125 
3.3-V ABT QUADRUPLE BUS BUFFERS 
WITH 3-STATE OUTPUTS 

SCBS133A- MAY 1992 - REVISED MARCH 1993 



recommended operating conditions 







SN54LVT125 


SN74LVT125 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


3.8 


0.8 


V 


V| 


Input voltage 


Z> 5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


24 


32 


mA 


IOL+ 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 



phudugt preview information concerns products in tne formative or — 

design phase of development. Characteristic data and other ^Efl 

specifications are design goals. Texas Instruments reserves the right to wU9 TVvAC 

change or discontinue these products without notice. Jf IJDvvAo 
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SN54LVT125, SN74LVT125 

3.3-V ABT QUADRUPLE BUS BUFFERS 

WITH 3-STATE OUTPUTS 

SCBS133A- MAY 1992 - REVISED MARCH 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT125 


SN74LVT125 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = MIN to MAX*, Ioh = -100^A 


Vcc-0.2 


VcC-0-2 


V 


V C C = 2.7V, l 0 H = -8mA 


2.4 


2.4 


VCC = 3V, l 0 H = -24mA 


2 




V C C = 3 V, l 0 H=-32mA 




2 


vol 


Vcc = 2.7 V, Iol=100^A 


0.2 


0.2 


V 


Vcc = 2.7 V, Iol = 24 mA 


0.5 


0.5 


VCC = 3V, loL = 16mA 


0.4 


0.4 


VcC = 3V, loL==32mA 


0.5 


0.5 


VcC = 3V, l0L = 48mA 


0.55 




Vcc = 3 V, Iol = 64 mA 




0.55 


"i 


Vcc = 0 or MAX*, V| = 5.5V 


^ 10 


10 


uA 


Vcc = 3-6 V, V| = Vcc or GND 


Control pins 


f ±1 


±1 


V C C = 3.6 V, V, = V CC 


Data pins 




1 


VcC = 3.6V, V| = 0 




-5 


"off 


Vcc = 0, V| or Vq = 0 to 4.5 V 




±100 


yA 


h(hold) 


V C C = 3V 


V| = 0.8 V 


Data inputs 


*? 


75 




V| = 2 V 


-75 


-75 


•OZH 


Vcc = 3.6 V, V 0 = 3V 


5 


5 


\xA 


•OZL 


V C C = 3.6 V, V O = 0.5V 


-5 


-5 


|iA 


'cc 


V C C = 3.6V, l O = 0, 
V| = Vcc or GND 


Outputs high 


0.12 0.19 


0.12 0.19 


mA 


Outputs low 


4.5 7 


4.5 7 


Outputs 
disabled 


0.12 0.19 


0.12 0.19 


AlcC § 


Vcc = 3 V to 3.6 V, One input at Vcc ~ 06 V, 
Other inputs at Vcc or GND 


0.3 


0.2 


mA 


Cj 


V| = 3VorO 


4 


4 


pF 


Co 


VQ = 3VorO 


8 


8 


PF 



t All typical values are at Vcc = 3 3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended operating free-air temperature range, C\_ = 50 pF 
(unless otherwise noted) (see figure 1) 





FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT125 


SN74LVT125 




PARAMETER 


V C C = 3.3 V± 0.3 V 


V C C = 2.7 V 


v C c = 


3.3 V + 0.3 V 


V C C = 2.7 V 


UNIT 




MIN 


MAX 


MAX 


MIN 


TYPt 


MAX 


MAX 




tPLH 


A 


Y 


1 


4.2 


4.7 


1 


2.7 


4 


4.5 


ns 


tPHL 


1 


4.V S 


5.1 


1 


2.9 


3.9 


4.9 


tpZH 


OE 


Y 


1 


4^ 


6.2 


1 


3.4 


4.7 


6 


ns 


tpZL 


1.1 


;4.9 


6.7 


1.1 


3.4 


4.7 


6.5 


tpHZ 


OE 


Y 


1.8 


5.3 


5.9 


1.8 


3.7 


5.1 


5.7 


ns 


tPLZ 


1.3 


* 4.7 


4.2 


1.3 


2.6 


4.5 


4 



khuuul i f Ktvitw imormanon concerns proaucis in me rormauve or ■ 

design phase of development. Characteristic data and other ^KfA «_ 

specifications are design goals. Texas Instruments reserves the right to wU9 TVv A C 

change or discontinue these products without notice. if IflyLrVo 
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SN54LVT125, SN74LVT125 
3.3-V ABT QUADRUPLE BUS BUFFERS 
WITH 3-STATE OUTPUTS 

SCBS133A- MAY 1992 - REVISED MARCH 1993 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q 

-AAA/ — 



500 & 



6V 



S1 



O Open 
Q GND 



TEST 


S1 


tPLHrtPHL 
tPLZ/*PZL 
tPHZ^PZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



\l/ V — 

input 1-5 A 1 " 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



0V 



Data Input 



f su 



I 



"Xi. 5 y )fI7 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
OV 



Input 
(see Note B) 



Output 



Output 



1.5 V 



2.7 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output VlTv V 

Control A /\ 



1.5 V 



tpZL->| 



Output 
Waveform 1 
S1 at6V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



j tpLZ "1 r: 



\i.5v Y 

\ j / VQL^03V 

i tpHz-^i k- 

tpZH -+\ |4- [ 



k V OH -0.3V 



2.7 V 
0V 

3V 

vol 

VOH 

- OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54LVT240, SN74LVT240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS143B - SEPTEMBER 1992 - REVISED JUNE 1993 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V CC = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 
Package Options Include Plastic 
Small-Outline (SOIC), Shrink Small-Outline 
(SSOP), and Thin Shrink Small-Outline 
(TSSOP) Packages, Ceramic Chip Carriers, 
and Plastic and Ceramic DIPs 



SN54LVT240 ... J PACKAGE 
SN74LVT240 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVT240 . . . FK PACKAGE 
(TOP VIEW) 



^ ILU O IIU 



description 




t- Q T- tJ- CM 

>- z < > < 
CM g CM t- CM 



These octal buffers and line drivers are designed 
specifically for low-voltage (3.3-V) Vqc operation, 
but with the capability to provide a TTL interface to 
a 5-V system environment. 

The 'LVT240 is organized as two 4-bit buffer/line drivers with separate output-enable (OE) inputs. When OE is 
low, the device passes data from the A inputs to the Y outputs. When OE is high, the outputs are in the 
high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT240 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT240 is characterized for operation over the full military temperature range of-55°C to 1 25°C. The 
SN74LVT240 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each buffer) 


INPUTS 


OUTPUT 


OE A 


Y 


L H 


L 


L L 


H 


H X 


Z 



UNLESS OTHERWISE noted this document contains PRODUCTION — Copyright © 1993, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to Jii 

specifications per the terms of Texas Instruments standard warranty. wVW Tl^v A 

Production processing does not necessarily include testing of all I r.X ^S 
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SN54LVT240, SN74LVT240 

3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 

SCBS143B - SEPTEMBER 1992 - REVISED JUNE 1993 



logic symbolt 



10E 

1A1 
1A2 
1A3 
1A4 

20E 

2A1 
2A2 
2 A3 
2A4 



1 N 


EN 

h r 


18 


2 


> V 


4 






6 




14 




8 




12 




19 IS 


9 




EN 

h r 


11 


> V 


13 


7 




15 


5 




17 




3 









logic diagram (positive logic) 

10E-^£>— 



1Y1 
1Y2 
1Y3 
1Y4 



2Y1 
2Y2 
2Y3 
2Y4 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EG Publication 617-12. 



1A1 



1A2 



1A3 



1A4 



20E 



2A1 



2A2 



2A3 



2A4 



8 



18 



16 



14 



12 



1Y1 



1Y2 



1Y3 



1Y4 



19 



13 



17 



2Y1 



2Y2 



2Y3 



2Y4 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqq -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) ... -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT240 96 mA 

SN74LVT240 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT240 48 mA 

SN74LVT240 64mA 

Input elamp current, l|K (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ■ ; ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0,65 W 

DW package 0.85 W 

PW package 0.6 W 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 
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SN54LVT240, SN74LVT240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 43B - SEPTEMBER 1 992 - REVISED JUNE 1993 



recommended operating conditions 





SN54LVT24U 


SN74LVT24U 


UNIT 


BUM BflAV 

MIIM MAX 


MIN MAX 


Vqc Supply voltage 


2.7 3.6 


2.7 3.6 


V 


v 1 1— | niyii"it?vyi input vuiidyt? 




2 


v 


V|l Low-level input voltage 




0.8 


V 


V| Input voltage 




5.5 


V 


'OH High-level output current 


A -24 


-32 


mA 


Iql Low-level output current 


24 

~# ~ 


32 


mA 


'OL T Low-level output current 


^ ~ 


64 


mA 


At/Av Input transition rise or fall rate Outputs enabled 


H 10 


10 


ns/V 


Ta Operating free-air temperature 


-55 125 


-40 85 


°C 



t Current duty cycle < 50%, f > 1 kHz 



PRODUCT PREVIEW information concerns products in the formative or 

design phase of development Characteristic data and other 

specifications are design goals. Texas Instruments reserves the right to wVw 'TVvAC 

change or discontinue these products without notice. \f I rX A^S 
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SN54LVT240, SN74LVT240 

3.3-V ABT OCTAL BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTS 

SCBS143B - SEPTEMBER 1992 - REVISED JUNE 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


OW«J*Tl_V 1 Crr\i 


CM7AL VT2A0 

WW f 1LV 1 £tW 


UNIT 


MIN TYPt MAX 

■Villi 1 I r ■ IVIHA 


MIN TYPt MAX 

mill 1 I r > IVInA 


V|K 


u« a -97V h 1ft mA 


—1 .2 


—1 .2 


V 


V 0 H 


Vr^n — MINI tn MAVt l/-\u — — 100 n A 


V CC 


V CC 


V 


\lr\r\ — 0 7 \/ l/^i i — — ft mA 

V CC - .^-' V > 'OH _ ° mM 


2 4 


2 4 


— ^ \/ I/-m i — _ OA mA 
VQQ - O V, IQH - - df\ mM 


2 




VCC = 3V, l 0 H = -32mA 




2 


vol 


V C C = 2.7V, Iol=100jiA 


0.2 


0.2 


V 


Vcc = 2.7 V, Iql = 24 mA 


0.5 


0.5 


Vcc = 3V, Iql = 16 mA 


0.4 


0.4 


Vcc = 3 V, l0L = 32mA 


u.o 


KJ.O 


Vcc = 3 V, Iql = 48 mA 


0 55 




Vcc = 3 V, Iql = 64 mA 




0.55 


ii 


VCC = 0 or MAX *. v | = 5.5 V 


10 


10 


^lA 


Vcc = 3.6 V, V| = VccorGND 


Control pins 


+-\ 


+1 


V C C = 3-6V, V| = V C C 


Data pins 


■\ 


■j 


Vcc = 3-6 V, V| = 0 


-5 


-5 


'off 


Vcc = °. v | or Vq = 0 to 4.5 V 




±100 


uA 




V C C = 3V 


V| = 0.8 V 


A inputs 


75 


75 


uA 


V| = 2V 


-75 


-75 


'OZH 


Vcc = 3.6 V, V 0 = 3V 


5 


5 




'OZL 


Vcc = 3-6 V, Vq = 0.5 V 


-5 


-5 


HA 


'cc 


V C C = 3.6 V, '0 = 0- 
V| = Vcc or GND 


Outputs high 


0.12 0.19 


0.12 0.19 


mA 


Outputs low 


8.6 12 


8.6 12 


Outputs 
disabled 


0.12 0.19 


0.12 0.19 


Alcc § 


Vcc = 3 V to 3.6 V, One input at Vcc " °- 6 V, 
Other inputs at Vcc or G> ND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Co 


V 0 = 3VorO 


8 


8 


PF 



t All typical values are at Vcc = 3 -3 V, Ta = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 





FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT240 


SN74LVT240 




PARAMETER 


vcc = 


3.3 V ± 0.3 V 


V C C = 2.7 V 


vcc = 


3.3 V + 0.3 V 


V C C = 2.7 V 


UNIT 




MIN 


MAX 


MAX 


MIN 


TYPt 


MAX 


MAX 




tPLH 


A 


Y 


1 


4.5 


5.4 


1 


2.5 


4.3 


5.2 


ns 


tPHL 


1 


4.5 


5.2 


1 


2.5 


4.3 


5 


tpZH 


OE 


Y 


1 


5.4 


6.5 


1 


2.7 


5.2 


6.3 


ns 


IPZL 


1 


5.4 


7.4 


1 


3.1 


5.2 


6.7 


tPHZ 


OE 


Y 


2 


5.S 


6.5 


2 


3.9 


5.6 


6.3 


ns 


tPLZ 


1.6 


5.3 


5.8 


1.6 


3.2 


5.1 


5.6 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 



11-12 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVT240, SN74LVT240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS143B - SEPTEMBER 1992 - REVISED JUNE 1993 



From Output ^. 

Under Test 

C L = 50pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

6V 



500 Q. 

-WW 



500 Q 



S1, 



o 

O Open 
9 GND 



TEST 


S1 


*PLH/tPHL 
tPLZ^PZL 
tPHZ/tPZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



t w 



Input 1.5 Vj / ^ ^ 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



0V 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
0V 



Input 
(see Note B) 



Output 



Output 



X 15V X 7 ^ 



2.7 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



tpZL 



Output 
Waveform 1 
S1 at 6 V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
VOL (see Note C) 



tpZH -*| fl- 

I 



r 

| tpLZ"^ 

\ / VpL_ + j0.3V 

tpHZ"^ j^" 



\ I 

/l.5V \J 



V O H-0-3V 



2.7 V 
0V 

3V 

vol 

V 0 H 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54LVT244A, SN74LVT244A 
3.3-VABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE^UTPUTS 

SCBS135A- AUGUST 1992- REVISED SEPTEMBER 1993 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-VVcc) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 3.3 V, T A = 25°C 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 
Package Options Include Plastic 
Small-Outline (SOIC), Shrink Small-Outline 
(SSOP), and Thin Shrink Small-Outline 
(TSSOP) Packages, Ceramic Chip Carriers, 
and Plastic and Ceramic DIPs 



description 



SN54LVT244A ... J PACKAGE 
SN74LVT244A . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 
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SN54LVT244A . . . FK PACKAGE 
(TOP VIEW) 
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These octal buffers and line drivers are designed 
specifically for low-voltage (3.3-V) Vcc operation, 
but with the capability to provide a TTL interface to 
a 5-V system environment. 

The 'LVT244A is organized as two 4-bit line drivers with separate output-enable (OE) inputs. When OE is low, 
the device passes data from the A inputs to the Y outputs. When OE is high, the outputs are in the 
high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT244A is available in TPs shrink small-outline package (DB) , which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT244A is characterized for operation over the full military temperature range of-55°C to 125°C. 
The SN74LVT244A is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each buffer) 



INPUTS 


OUTPUT 
Y 


OE A 


L H 


H 


v L l 


L 


H X 


z 
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SN54LVT244A, SN74LVT244A 
3.3-VABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS135A- AUGUST 1992- REVISED SEPTEMBER 1993 



logic symbol* 
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logic diagram (positive logic) 
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t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 
and IEC Publication 617-12. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc • ■ • • -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT244A 96 mA 

SN74LVT244A 1 28 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT244A 48 m A 

SN74LVT244A 64 mA 

Input clamp current, l|K (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ••••••• — • • -50 mA 

Maximum power dissipation at TX = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

PW package 0.6 W 

Storage temperature range -65°C to 150°C 

♦ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vcc- 
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SN54LVT244A, SN74LVT244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS135A - AUGUST 1 992 - REVISED SEPTEM BER 1 993 



recommended operating conditions 





SN54LVT244A 


SN74LVT244A 


UNIT 


MIN MAX 


MIN MAX 


Vqc Supply voltage 


2.7 3.6 


2.7 3.6 


V 


V|h High-level input voltage 


2 ^ 


2 


V 


V|l Low-level input voltage 


M 


0.8 


V 


V| Input voltage 




5.5 


V 


Iqh High-level output current 


A -24 


-32 


mA 


Iql Low-level output current 


£ 24 

O 


32 


mA 


Iql t Low-level output current 


& 48 


64 


mA 


At/Av Input transition rise or fall rate | Outputs enabled 


« 


10 


ns/V 


Ta Operating free-air temperature 


-55 125 


-40 85 


°C 



t Current duty cycle s 50%, f sc 1 kHz 
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SN54LVT244A, SN74LVT244A 
3.3-VABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS135A- AUGUST 1992 - REVISED SEPTEMBER 1 993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 




SN54LVT244A 


SN74LVT244A 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l| =-18 mA 


-1.2 


-1,2 


V 


v OH 


Vcc = MINtoMAX*. Ioh="100mA 


Vcc-0.2 


Vcc-0.2 


V 


Vcc = 2.7V, l 0 H = -8mA 


2.4 


2.4 


Vcc = 3V, loH=-24mA 


2 




V C C = 3V, l 0 H--32mA 




2 


V/-., 

VOL 


V C C = 2.7V, I O L=100mA 


0.2 


0.2 


V 


Vcc = 2.7V, loL = 24mA 


0.5 


0.5 


Vcc = 3V, loi_=16mA 


0.4 


0.4 


Vcc = 3V, lQL = 32mA 


0.5 


0.5 


Vcc = 3V, Iol = 48 mA 


v 0 55 




Vcc^SV, loL = 64mA 




0.55 


l| 


Vcc = 0 or MAX*, V| = 5.5V 


f 50 


10 


ma 


Vcc = 3.6 V, V| = Vcc or GND 


Control pins 


/ ,1 


±1 


vcc = 3.6V, V| = v C c 


Data pins 




1 


VcC s 3.6V, V| = 0 


_# zL 


-5 


'off 


Vcc - °. v l or Vq = 0 to 4.5 V 




±100 


ma 


'l(hold) 


V C C = 3V 


V| = 0.8V 


A inputs 


75 


75 


HA 


V| = 2V 


-75 


-75 


'OZH 


Vcc = 3.6V, Vo = 3V 


5 


5 


uA 


•OZL 


Vcc = 3.6V, Vq = 0.5V 


-5 


-5 


MA 


'cc 


V C C = 3.6V, lo = 0, 
V|=VccorGND 


Outputs high 


0.12 0.5 


0.12 0.19 


mA 


Outputs low 


8.6 14 


8.6 12 


Outputs 
disabled 


0.12 0.5 


0.12 0.19 


Alcc § 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc ° r GND 


0.3 


0.2 


mA 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Co 


Vo = 3VorO 


8 


8 


PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 
* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 



switching characteristics over recommended operating free-air temperature range, Cl = 50 pF 
(unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT244A 


SN74LVT244A 


UNIT 


Vcc = 3.3V±0.3V 


V C C - 2.7 V 


Vcc ■ 3.3 V± 0.3V 


V C C - 2.7 V 


MIN MAX 


# MAX 


MIN TYPt MAX 


MAX 


tPLH 


A 


Y 


0.5 4.7 < 


f 5.2 


1 2.5 4.1 


5 


ns 


tPHL 


0.5 4.4^ft? 


5.4 


1 2.5 4.1 


5.2 


tPZH 


OE 


Y 


0.8 5 f 4» 


6.5 


1 2.7 5.2 


6.3 


ns 


tPZL 


0.8 Jf4 


7.6 


1.1 3.1 5.2 


6.7 


tPHZ 


OE 


Y 


1.5 J?6.2 


6.9 


1.9 3.9 5.6 


6.3 


ns 


tpLZ 


1.2 H 5.5 


6 


1.8 3.2 5.1 


5.6 
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SN54LVT244A, SN74LVT244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS135A- AUGUST 1992- REVISED SEPTEMBER 1993 



From Output 

Under Test 

C L = 50pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



soon 

— WAr- 



500 a 



S1 



A f O Open 
P GND 



TEST 


S1 


tPLHAPHL 
tpLZ/tpZL 
tPHZ^PZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



Input 



3CZZXE 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



OV 



Data Input 



2.7 V 
OV 



2.7 V 
OV 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output VtTv Vl.5V 
Control A A 



Output 
Waveform 1 
S1 at6V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



tpZL-*| k- | 

\ | / VOL* 0-3 V 

| tpHZ-* k- 
tp2H->1 r*- J 



2.7 V 
OV 

3V 

vol 



» OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABUNG 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR * 10 MHz, Zo = 50 Q, t r s 2.5 ns, tf s 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54LVT245, SN74LVT245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS130B - D4504, MAY 1992 - REVISED AUGUST 1993 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 
Package Options Include Plastic 
Small-Outline (SOIC), Shrink Small-Outline 
(SSOP), and Thin Shrink Small-Outline 
(TSSOP) Packages, Ceramic Chip Carriers, 
and Plastic and Ceramic DIPs 



SN54LVT245 ... J PACKAGE 
SN74LVT245 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 
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SN54LVT245 . . . FK PACKAGE 
(TOP VIEW) 
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description 




00 Q 00 N CD 
< 2 CD CQ CD 

0 



These octal bus transceivers are designed 
specifically for low-voltage (3.3-V) Vcc ope^on, 
but with the capability to provide a TTL interface to 
a 5-V system environment. 

The 'LVT245 is designed for asynchronous communication between data buses. The device transmits data from 
the A bus to the B bus or from the B bus to the A bus depending upon the logic level at the direction-control (Dl R) 
input. The output-enable (OE) input can be used to disable the device so the buses are effectively isolated. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT245 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT245 is characterized for operation over the full military temperature range of-55°C to 125°C. The 
SN74LVT245 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 



UNLESS OTHERWISE NOTED this document contains PRODUCTION — Copyright © 1993, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to A 

specifications per the terms of Texas Instruments standard warranty. wUw TVv AO 

Production processing does not necessarily include testing of all I I"" 1 . X/\^ 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 11-21 



SN54LVT245, SN74LVT245 

3.3-V ABT OCTAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS130B - D4504, MAY 1992 - REVISED AUGUST 1993 



logic symbolt 
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logic diagram (positive logic) 
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B3 
B4 
B5 
B6 
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OE 



B1 



To Seven Other Channels 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, Vqc ■ ■ • -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) .... -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT245 96 mA 

SN74LVT245 ... 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT245 48 mA 

SN74LVT245 64mA 

Input clamp current, l|K ( v I < °) ~ 50 mA 

Output clamp current, Iqk ( v O < °) ■ • ■ ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

PW package 0.6 W 

Storage temperature range . -65°C to 150°C 



$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flowwhen the output is in the high state and Vq > Vqc- 
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SN54LVT245, SN74LVT245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS130B - D4504, MAY 1992 - REVISED AUGUST 1993 



recommended operating conditions 







SN54LVT245 


SN74LVT245 


UNIT 






MIN 


MAX 


MIN 


MAX 


V CC 


ouppiy vuiidyc 


2.7 


3.6 


2.7 


3.6 


y 


v In 


High-tevel input voltage 


2 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V| 


Input voltage 


j£* 5.5 


5.5 


V 


•oh 


High-level output current 


_24 


-32 


mA 


'OL 


Low-level output current 


, : ' 24 


32 


mA 


"OL T 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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SN54LVT245, SN74LVT245 

3.3-V ABT OCTAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS130B-D4504, MAY 1992 -REVISED AUGUST 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT245 


SN74LVT245 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vnn - 2 7 V h - -18 mA 


-1 .2 


-1.2 


V 


V 0H 


y^r^ = iwiim to MAXt lou - -100 mA 

V IVIIIN IKJ l\fir\/\* , IMH — 1 UU ^Xf\ 


V CC 




V 


Vrr - 2 7 V IrMj - - 8 mA 
v OO v > 'Url o hi/a 


2.4 


2.4 


V C C = 3V, l 0 H=-24mA 


2 




V C C = 3V, l 0 H=-32mA 




2 


vol 


Vcc = 2.7V, Iol=100>A 


0.2 


0.2 


V 


Vcc = 2.7 V, l 0 L = 24 mA 


0.5 


0.5 


VCC = 3V, l 0 L = 16mA 


0.4 


0.4 


VcC = 3V, lQL = 32mA 


0.5 


0.5 


Vcc = 3V, l 0 |_ = 48mA 


0.55 




Vcc = 3 V, Iql = 64 mA 




0.55 


ii 


Vcc = 3-6 V, V| = Vcc or GND 


Control pins 


+1 


+1 


uA 


V C c = 0 or MAX*, V| = 5.5 V 


10 


10 


V C C = 3-6 V, V| = 5.5 V 


A or B ports§ 


100 


20 


V C C = 3.6 V, V| = V C C 


1 


1 


V C C = 3.6 V, V| = 0 




-5 


'off 


Vcc = 0. V| or V 0 = 0 to 4.5 V 




±100 


uA 


l|/hr>IH\ 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


|iA 


V| = 2 V 


-75 


-75 


'OZH 


VCC = 3-6 V, Vq = 3 V 


1 


1 


HA 


'OZL 


VCC = 3-6 V, Vq = 0.5 V 


-1 


-1 


uA 


'cc 


V C C = 3.6 V, >O = 0. 
V| = V C c or GND 


Outputs high 


0.13 0.5 


0.13 0.19 


mA 


Outputs low 


8.8 14 


8.8 12 


Outputs 
disabled 


0.13 0.5 


0.13 0.19 


Alec 11 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc or GND 


0.3 


0.2 


mA 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Cj 0 


V 0 = 3 V or 0 


10 


10 


PF 



t All typical values are at Vcc = 3 -3 V, Ta = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVT245, SN74LVT245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS130B - D4504, MAY 1992 - REVISED AUGUST 1993 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 





FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT245 


SN74LVT245 




PARAMETER 


V C C = 3.3 V± 0.3 V 


V C C = 2.7 V 


v C c = 


3.3 V ± 0.3 V 


V C C = 2.7V 


UNIT 




MIN 


MAX 


&MAX 


MIN 


TYPt 


MAX 


MAX 




tPLH 


A or B 


B or A 


0.5 


4.4 


5.2 


1 


2.4 


4 


4.7 


ns 


tPHL 


0.5 


4.2 v 


: 4.8 


1 


2.4 


4 


4.6 


tPZH 


OE 


AorB 


0.8 


5.9 * 


7.3 


1.1 


3.4 


5.5 


7.1 


ns 


tpZL 


1 




7.2 


1.5 


3.6 


5.5 


6.5 


tPHZ 


OE 


A or B 


1.5 .$5 


7.2 


2.2 


4.3 


5.9 


6.5 


ns 


tPLZ 


1.5 


: ^6.1 


6.5 


2 


3.5 


4.8 


4.8 



t All typical values are at Vqc = 3.3 V, Ta = 25°C. 
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SN54LVT245, SN74LVT245 

3.3-V ABT OCTAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS1 30B - D4504, MAY 1 992 - REVISED AUGUST 1 993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 

-AAAr— 



S1, 



500 Q 



o 7V 

O Open 
9 GND 



TEST 


S1 


tPLH^PHL 
tPLZftpZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



— y v — 

Input 1.5 V * A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



X 



1.5 V 



th 



} <i. 5 v y ji7 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 



~ X 1 - 5V X 7 ^ 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



3V 
0V 



3.5 V 



tpZL -*\ k- | 

' tpLZ-^ |<- 

\l.5V V 

\ j / ypk^ay Vql 

i tpHz-^ k- 

tpZH-^ |4- 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C\_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 



^ Texas 
Instruments 

1 1-26 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVT273, SN74LVT273 
3.3-V ABT OCTAL D-TYPE FLIP-FLOPS 

WITH CLEAR 

SCBS136B- MAY 1992- REVISED MARCH 1993 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Buffered Clock and Direct Clear Inputs 
Individual Data Input to Each Flip-Flop 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
M1L-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

Package Options Include Plastic 
Small-Outline (SOIC), Shrink Small-Outline 
(SSOP), and Thin Shrink Small-Outline 
(TSSOP) Packages, Ceramic Chip Carriers, 
and Plastic and Ceramic DIPs 



description 



SN54LVT273 ... J PACKAGE 
SN74LVT273 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVT273 . . . FK PACKAGE 
(TOP VIEW) 

ICC o 
i- i- IO > oo 



2D ] 4 
2Q ]5 
3Q ]6 
3D ]7 
4D ] 8 



3 2 1 20 19 



9 10 11 12 13 

nnnnn 



18[ 
17[ 
16[ 
15[ 
14[ 



8D 
7D 
7Q 
6Q 
6D 



O Q * O Q 
^ z -i m m 



CD 



These octal D-type flip-flops are designed specifically for low-voltage (3.3-V) Vqc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

The 'LVT273 is a positive-edge-triggered flip-flop with a direct clear input. Information at the data (D) inputs 
meeting the setup time requirements is transferred to the Q outputs on the positive-going edge of the clock pulse. 
Clock triggering occurs at a particular voltage level and is not directly related to the transition time of the 
positive-going pulse. When the clock (CLK) input is at either the high or low level, the D-input signal has no effect 
at the output. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT273 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT273 is characterized for operation over the full military temperature range of-55°C to 125°C. The 
SN74LVT273 is characterized for operation from -40°C to 85°C. 
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SN54LVT273, SN74LVT273 

3.3-V ABT OCTAL D-TYPE FLIP-FLOPS 

WITH CLEAR 

SCBS1 36B - MAY 1 992 - REVISED MARCH 1 993 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 
Q 


CLR 


CLK 


D 


L 


X 


X 


L 


H 


T 


H 


H 


H 


t 


L 


L 


H 


HorL 


X 


Qo 



logic symbolt 



CLR 
CLK 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 



C1 



3 


1D 


2 


4 


5 




7 




6 




8 




9 




13 




12 




14 




15 




17 




16 




18 


19 









tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

logic diagram (positive logic) 



1D 



2D 



3D 



4D 



5D 



CLK(I) 



1D 

t>C1 h 
R 



1D 

p> C\ h 
R 



1D 

t>C1 
R 



1D 

>C1 h 



13 



1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
7Q 
8Q 



6D 



1D 

>C1 
R 



14 



1D 

>C1 
R 



7D 



8D 



17 



1D 

>C1 
R 



18 



1D 

>C1 
R 



12 



15 



16 



19 



1Q 



2Q 



3Q 



4Q 



5Q 



6Q 



7Q 



8Q 



Texas 
Instruments 

11-28 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVT273, SN74LVT273 
3.3-V ABT OCTAL D-TYPE FLIP-FLOPS 

WITH CLEAR 

SCBS136B - MAY 1 992 - REVISED MARCH 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, Iq." SN54LVT273 96 mA 

SN74LVT273 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT273 48 mA 

SN74LVT273 64 mA 

Input clamp current, l|K ( v i < 0) -50 mA 

Output clamp current, Iqk ( v o < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

PW package 0.6 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vcc- 



recommended operating conditions 







SN54LVT273 


SN74LVT273 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Inputvoltage 


. 5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


24 


32 


mA 


"OL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



$ Current duty cycle < 50%, f > 1 kHz 
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SN54LVT273,SN74LVT273 

3.3-V ABT OCTAL D-TYPE FLIP-FLOPS 

WITH CLEAR 

SCBS136B - MAY 1992 - REVISED MARCH 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT273 


SN74LVT273 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l| = -18 mA 


-1.2 


-1.2 


V 


V 0 H 


Vcc = MIN t0 MAXi, Iqh = -1 00 uA 


Vcc-0.2 


Vcc-0.2 


V 


V CC = 27V . l0H=-8mA 


2.4 


2.4 


Vcc = 3V > Iqh =~ 24 mA 


2 




VCC = 3 V, l 0 H = -32mA 




2 


vol 


Vcc = 2.7 V, Iol = 100|*A 


0.2 


0.2 


V 


V C c = 2.7 V, Iql = 24 mA 


0.5 


0.5 


Vcc = 3V, l 0 L=16mA 




0.4 


Vcc = 3 V, Iql = 32 mA 


J?* 0.5 


0.5 


Vcc = 3 V, Iql = 48 mA 


J? 0.55 




VcC = 3V, Iql = 64 mA 





0.55 


ii 


VCC = 0 or MAX*, v | = 5.5 V 


; ; r 10 
*ef 


10 


uA 


Vcc = 3-6 V, V| = V C C or GND 


Control pins 


Cf ±1 
^ 


±1 


V C C = 3.6 V, V| = V C c 


Data pins 


€ 1 


1 


Vcc = 3-6 V, V| = 0 


-5 


-5 


'l(hold) 


V C C = 3V 


V| = 0.8V 


Data inputs 


75 


75 


uA 


V| = 2 V 


-75 


-75 


ice 


V C C = 3.6 V, l O = 0, 
V| = Vcc or GND 


Outputs high 


0.12 0.19 


0.12 0.19 


mA 


Outputs low 


8.6 12 


8.6 12 


AlcC § 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3VorO 




4 


PF 


Co 


Vq = 3 V or 0 




8 


PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 





SN54LVT273 


SN74LVT273 


UNIT 


Vcc = 3.3 V ± 0.3 V 


V C C = 2.7 V 


V C C = 3.3 V + 0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN 


MIN MAX 


MIN 


f clock Clock frequency 






0 150 




MHz 


t w Pulse duration 








3.3 


3.3 


ns 


Setup time 
su before CLKt 


Data high or low 






2.3 


2.7 


ns 


CLRhigh 






2.7 


3.2 


t n Hold time after CLKt 


Data high or low 






0 


0 


ns 
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SN54LVT273, SN74LVT273 
3.3-V ABT OCTAL D-TYPE FLIP-FLOPS 

WITH CLEAR 

SCBS1 36B - MAY 1 992 - REVISED MARCH 1 993 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT273 


SN74LVT273 


UNIT 


Vcc = 3.3 V± 0.3 V 


V C C = 2.7 V 


Vcc = 3.3 V ± 0.3 V 


V C C = 2 7 V 


MIN MAX 


MAX 


MIN TYPt MAX 


MAX 


f max 










150 




MHz 


tPLH 


CLK 


Any Q 






1.7 3.5 5.5 


6.3 


ns 


tPHL 






1.9 3.5 5.5 


5.9 


tPHL 


CLR 


Any Q 






1.3 3.2 5.1 


6.2 


ns 



t All typical values are at Vqc = 3-3 V, Ta = 25°C. 
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SN54LVT273, SN74LVT273 

3.3-V ABT OCTAL D-TYPE FLIP-FLOPS 

WITH CLEAR 

SCBS1 36B - MAY 1 992 - REVISED MARCH 1 993 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



500 Q 

-AAAr- 



500 Q 



6V 



S1 



*f O Open 
Q GND 



TEST 


S1 


tPLH'tPHL 
tPLZ^PZL 
tPHZ/tPZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 ^1.5 v" 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



0V 



Data Input 



-M- 



I <su * *h ^ 



> 5v 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
0V 



Input 
(see Note B) 



Output 



Output 



2.7 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



tpZL 



Output 
Waveform 1 
S1 at 6 V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



tpZH 



\l.5V Y 

A } / vol + 0- 

| tpHZ-H l f~ 



2.7 V 
0V 

3V 

vol 



V O H-0.3V V ° H 
— - 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54LVT543, SN74LVT543 
3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS137A- D4518, MAY 1992 - REVISED MARCH 1993 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V CC = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 
Package Options Include Plastic 
Small-Outline (SOIC), Shrink Small-Outline 
(SSOP), and Thin Shrink Small-Outline 
(TSSOP) Packages, Ceramic Chip Carriers, 
and Plastic and Ceramic DIPs 



description 



These octal transceivers are designed specifically 
for low-voltage (3.3-V) Vqc operation, but with the 
capability to provide a TTL interface to a 5-V 
system environment. 

The 'LVT543 octal transceiver contains two sets of 
D-type latches for temporary storage of data 
f lowing in either d irection. Separate lat ch-ena ble 
(LEAB or LEBA) and output-enable (OEAB or 
OEBA) inputs are provided for each register to 
permit independent control in either direction of 
dataflow. 



SN54LVT543 . . . JT PACKAGE 
SN74LVT543 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVT543 . . . FK PACKAGE 
(TOP VIEW) 



< 

00 

LU r- 
O CD 





2 


2 




T— 


LU 


LU 




< 


O 


_J 





A2 
A3 
A4 
NC 
A5 
A6 
A7 



/ LJLJLJLJLJLJLJ — 

» 4 3 2 1 28 27 26 P 

] 5 25[ 

16 24[ 

17 23[ 

] 8 22[ 

] 9 21[ 

] 10 20[ 

] " 19[ 
12 13 14 15 16 1718 

I rnnnrnrnnri 



B2 
B3 
B4 
NC 
B5 
B6 
B7 



CD 


Q O 


CD 


< 


z z 


< 


LU 


o 


LU 


O 


O 



CQ 00 
< CD 
LU 



NC - No internal connection 



The A-t o-B ena ble (CEAB) input must be low in order to enter data from A or to output data fro m B. If CEAB is 
low and LEAB is low, the A-to-B latc hes are tra nspare nt; a subsequent low-to-high transition of LEAB puts the 
A latches in the storage mode. With CEAB and OEAB both low, the 3-state B outputs are active and ref l ect the 
data prese nt at the output of the A latches. Data flow from B to A is similar but requires using the CEBA, LEBA, 
and OEBA inputs. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT543 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT543 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74LVT543 is characterized for operation from -40°C to 85°C. 
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SN54LVT543, SN74LVT543 

3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS137A- D4518, MAY 1992 - REVISED MARCH 1993 



logic symbol§ 



FUNCTION TABLEt 



INPUTS 


OUTPUT 


CEAB 


LEAB 


OEAB 


A 


B 


H 


X 


X 


X 


Z 


X 


X 


H 


X 


Z 


L 


H 


L 


X 


Bo* 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 



t A-to-B data flow is show n; B-to-A flow c ontr ol is the 
same except that it uses CEBA, LEBA, and OEBA. 

t Output level before the indicated steady-state input 
conditions were established. 



OEBA 
CEBA 
LEBA 
OEAB 
CEAB 
LEAB 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 



2 N 


1EN3 

G1 

1C5 

2EN4 

G2 

2C6 

i r 


22 

4 — « 




1 N 


13 N 


11 N 


14 N 


3 


V 3 1 5D 







6D 1 4V 


4 


21 




5 




20 




6 


19 




7 


18 




8 


17 




9 


16 




10 


15 









B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 



§This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and PW packages. 
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SN54LVT543, SN74LVT543 
3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS137A- D4518, MAY 1992 - REVISED MARCH 1993 



logic diagram (positive logic) 




To Seven Other Channels 

Pin numbers shown are for the DB, DW, JT, and PW packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) — -0.5 V to 7 V 

Current into any output in the low state, Iq". SN54LVT543 96 mA 

SN74LVT543 .. 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT543 48 mA 

SN74LVT543 64 mA 

Input clamp current, l|K (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

PW package 0.65 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vrjc- 
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SN54LVT543, SN74LVT543 

3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS137A- D4518, MAY 1992 - REVISED MARCH 1993 



recommended operating conditions 







SN54LVT543 


SN74LVT543 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


VlL 


Low-level input voltage 


,0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 


24 


32 


mA 


'OLt 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVT543, SN74LVT543 
3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 37A - D451 8, MAY 1 992 - REVISED MARCH 1 993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT543 


SN74LVT543 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


VqC = MIN t0 MAX*, Iqh = ~ 1 °0 H A 


Vcc-0.2 


Vcc-0.2 


V 


V C C = 2.7V, IOH = "8mA 


2.4 


2.4 


VCC = 3V, Iqh = - 24 mA 


2 




V C C = 3V, Iqh = -32 mA 




2 


vol 


V C C = 2.7V, l O L=100|iA 


0.2 


0.2 


V 


Vqc = 2.7 V, Iql = 24 mA 


0.5 


0.5 


VCC = 3V, Iql = 16 mA 


0.4 


0.4 


VQC = 3 V, Iql = 32 mA 


0.5 


0.5 


VQC = 3 V, Iql = 48 mA 


0.55 




VQC = 3 V, Iql = 64 mA 




0,55 


ii 


VQC = 3-6 V, V| = V C C or GND 


Control pins 


.W ±1 


±1 


LiA 


Vcc = 0 or MAX*, V| = 5.5 V 


10 


10 


V C C = 3.6 V, V| = 5.5 V 


A or B ports§ 


20 


20 


V C C = 3.6 V, V| = V C C 


1 


1 


V C C = 3-6 V, V| = 0 


jCf -5 


-5 


■off 


Vcc = °- v | or Vq = 0 to 4.5 V 




±100 


|iA 


'Khold) 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


|iA 


V| = 2 V 


-75 


-75 


>OZH 


Vcc = 3.6 V, Vq = 3 V 


1 


1 


HA 


>OZL 


VCC = 3.6 V, V 0 = 0.5 V 


-1 


-1 


|iA 


'cc 


V C C = 3.6 V, IO = 0, 
V| = V C C ° r GND 


Outputs high 


0.13 0.19 


0.13 0.19 


mA 


Outputs low 


8.8 12 


8.8 12 


Outputs 
disabled 


0.13 0.19 


0.13 0.19 


AlcC^ 1 


Vcc = 3 V to 3.6 V, One input at Vcc - °- 6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 


4.5 


4.5 




Cio 


Vq = 3 V or 0 


11 


11 


PF 



t All typical values are at Vcc = 3 -3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVT543, SN74LVT543 

3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS137A- D4518, MAY 1992 - REVISED MARCH 1993 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 





SN54LVT543 


SN74LVT543 


UNIT 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


MIN 


MIN 


MIN 


MIN 


t w Pulse duration 


LEAB or LEBA low 


3.3 


r 3.3 


3.3 


3.3 


ns 


t su Setup time 


Data before LEAB or LEBAt 


High 


0 


0 


0 


0 


ns 


Low 


0.8 


1.1 


0.8 


1.1 




High 


0 


0 


0 


0 


Data before CEAB or CEBAt 


Low 


0.9 


1.2 


0.9 


1.2 


t n Hold time 


Data after LEAB or LEBAt 


1.7 


1.7 


1.7 


1.7 


ns 


Data after CEAB or CEBAT 


1.8. 


1.8 


1.8 


1.8 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 





FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT543 


SN74LVT543 




PARAMETER 


V C C = 3.3 V± 0.3 V 


V C C = 2.7V 


vcc = 


3.3 V ± 0.3 V 


V C C = 2.7V 


UNIT 




MIN 


MAX 


MAX 


MIN 


TYPt 


MAX 


MAX 




tPLH 


A or B 


B or A 


1 4.9 


5.7 




2.9 


4.7 


5.5 


ns 


tPHL 


1 4.8 


6 




3.3 


4.6 


5.8 


tPLH 


LE 


AorB 


1 6.1 


. 7.5 




4 


5.9 


7.3 


ns 


tPHL 


1 5.9 


• 7.5 




4.1 


5.7 


7.3 


tpZH 


OE 


AorB 


1 6 


7.8 




4.1 


5.8 


7.6 


ns 


tpZL 


1.1 


6.6 


8.4 


1.1 


4.5 


6.4 


8.2 


tPHZ 


OE 


AorB 


2.4 


6.7 


7.3 


2.4 


4.8 


6.5 


7.1 


ns 


tPLZ 


2 




6.1 


2 


4 


5.8 


5.9 


tPZH 


CE 


A or B 


1 


6.2 


7.8 


1 


4.2 


6 


7.6 


ns 


tpZL 


1.4 6.9 


8.5 


1.4 


4.7 


6.7 


8.3 


tPHZ 


CE 


AorB 


2.3 


6.6 


7.3 


2.3 


4.7 


6.4 


7.1 


ns 


tPLZ 


2 


5.6 


5.8 


2 


3.8 


5.4 


5.6 



t All typical values are at Wqq = 33 v > T A = 25 °C 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
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3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
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From Output 

Under Test 

C L = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

6V 



500 a 

-AAAr- 



500 Q 



SI 



O 

O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ^PZL 
tPHZ'tPZH 


Open 
6 V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



— \y y — 

Input 1.5 V it A 1 " 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



0V 



Data Input 



*su 



-H* 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
0V 



Input 
(see Note B) 



Output 



Output 



2.7 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



tpZL 



! tPLZ-H 



\ / YOL+_0.3V 

i tpHz-^ k- 

tpZH-^ |4- j 



-0.3 V 



2.7 V 
0V 

3V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54LVT573, SN74LVT573 
3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 



SCBS138A- MAY 1992 - REVISED MARCH 1993 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 3.3 V, T A = 25°C 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Bus-Hold Data Inputs Eliminate the Need 
for External Pull up Resistors 
Package Options Include Plastic 
Small-Outline (SOIC), Shrink Small-Outline 
(SSOP), and Thin Shrink Small-Outline 
(TSSOP) Packages, Ceramic Chip Carriers, 
and Plastic and Ceramic DIPs 



SN54LVT573 ... J PACKAGE 
SN74LVT573 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 




GND [ 10 



SN54LVT573 . . . FK PACKAGE 
(TOP VIEW) 

CM T- lO > T- 



3D ] 4 
4D ] 5 
5D ] 6 
6D ] 7 
7D ]8 



description 



3 2 1 20 19 



9 10 11 12 13 
r-ii-ir-ir-ir-i 



18[ 2Q 
17[ 
16[ 
15[ 5Q 
14[ 6Q 



3Q 
4Q 



Q Q 111 O O 
00 Z J CO N 

CD 



These octal latches are designed specifically for 
low-voltage (3.3-V) Vqc operation, but with the 
capability to provide a TTL interface to a 5-V 
system environment. 

The eight latches of the 'LVT573 are transparent D-type latches. While the latch-enable (LE) input is high, the 
Q outputs follow the data (D) inputs. When the latch enable is taken low, the Q outputs are latched at the logic 
levels that were set up at the D inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operations of the latches. Old data can be retained 
or new data can be entered while the outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT573 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT573 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74LVT573 is characterized for operation from -40°C to 85°C. 
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3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 
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FUNCTION TABLE 
(each latch) 



INPUTS 


OUTPUT 
Q 


OE 


LE 


D 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


Z 



logic symbolt 



OE 
LE 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 



1 IN 


EN 
C1 

n r 


19 


11 


2 


1D V 


3 


18 




4 


17 




5 




16 




6 




15 




7 




14 




8 


13 




9 




12 











logic diagram (positive logic) 

-o — 



1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
7Q 
8Q 



LE 



1D 



C1 
1D 



1Q 



To Seven Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 
and I EC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc • • v t0 4.6 v 

Input voltage range, V| (see Note 1 ) . -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) — -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT573 96 mA 

SN74LVT573 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT573 48 mA 

SN74LVT573 64 mA 

Input clamp current, I ik (V| < 0) -50 mA 

Output clamp current, Iqk (Vo < 0) • ■ ~50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

PW package 0.6 W 

Storage temperature range . . -65°C to 150°C 

$ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 
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recommended operating conditions 







SN54LVT573 


SN74LVT573 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


;t).8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


•OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


24 


32 


mA 


lOLt 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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SN54LVT573, SN74LVT573 

3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS1 38A- MAY 1 992 - REVISED MARCH 1993 _^ 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT573 


SN74LVT573 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V| K 


Vcc = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 


V 0 H 


VCC = MI| N t0 MAX*, Ioh = ~ 1 00 |iA 


VcC-0-2 


Vcc-0.2 


V 


V C C = 2.7V, l 0 H = -8mA 


2.4 


2.4 


V C c = 3V, l 0 H=-24mA 


2 




V C C = 3V, l0H = -32mA 




2 


vql 


Vcc = 2.7V, Iol=100jiA 


0.2 


6.2 


V 


Vcc = 2.7V, loL = 24mA 


0.5 


0.5 


V CC = 3V, loL = 16mA 


0.4 


0.4 


VcC = 3 V, Iol = 32 mA 


0.5 


0.5 


VCC = 3 V, Iql = 48 mA 


0.55 




VcC = 3 V, Iql = 64 mA 




0.55 


ii 


VcC = 0 or MAX*, V| = 5.5 V 


10 


10 


MA 


Vcc = 3.6 V, V| = Vcc or GND 


Control pins 


±1 


±1 


V C C = 3.6V, V| = V C C 


Data pins 


1 


1 


Vcc = 3-6 V, V| = 0 




-5 


'off 


V C C = 0, V|orV O = 0to4.5V 




±100 


HA 


'l(hold) 


V C C = 3V 


V| = 0.8V 


Data inputs 


75 


75 


^lA 


V| = 2 V 


-75 


-75 


'OZH 


V C C = 3.6 V, Vq = 3V 


5 


5 


ma 


'OZL 


Vcc = 3.6 V, Vq = 0.5V 


-5 


-5 


ma 


•cc 


V C C = 3.6 V, 'O = 0, 
V| = V C C or GND 


Outputs high 


0.13 0.19 


0.13 0.19 


mA 


Outputs low 


8.6 12 


8.6 12 


Outputs 
disabled 


0.13 0.19 


0.13 0.19 


Alcc § 


Vcc = 3 V to 3.6 V, One input at Vcc - 0-6 V, 
Other inputs at Vcc or ^ND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Co 


Vq = 3 V or 0 


8 


8 


PF 



t All typical values are at Vcc - 3.3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 







SN54LVT573 


SN74LVT573 








Vcc = 3.3 V± 0.3 V 


V C C = 2.7 V 


VCC = 3.3 V± 0.3 V 


V C C = 2-7 V 


UNIT 






MIN MAX 


MIN 


MIN MAX 


MIN 




t w Pulse duration, LE high 


3.3 


3.3 


3.3 


3.3 


ns 


t su * Setup time, data before LEl 


High or low 


0.7 


0.6 


0.7 


0.6 


ns 


t n Hold time, data after LEl 


High or low 


1.6 


1.8 


1.6 


1.8 


ns 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVT573, SN74LVT573 
3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 





FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT573 


SN74LVT573 




PARAMETER 


Vcc = 3.3 V± 0.3 V 


V C C = 2.7 V 


v C c = 


3.3 V ± 0.3 V 


V C C = 2.7 V 


UNIT 




MIN 


MAX 


MAX 


MIN 


TYPt 


MAX 


MAX 




tPLH 


D 


Q 


1 


4.4 


4.9 


1 


2.5 


4.2 


4.7 


ns 


tPHL 


1 


4.5 


5.4 


1 


2.7 


4.3 


5.2 


tPLH 


LE 


Q 


1.6 


5.8 


6.5 


1.6 


3.5 


5.6 


6.3 


ns 


tPHL 


2.5 


6.7 , 


7.4 


2.5 


4.3 


6.5 


7.2 


tpZ^H 


OE 


Q 


1 


5.3 


6.4 


1 


2.8 


5.1 


6.2 


ns 


tpZL 


1.3 


5.7 


6.8 


1.3 


3.3 


5.5 


6.6 


tPHZ 


OE 


Q 


2 


5.9 


6.9 


2 


3.7 


5.7 


6.7 


ns 


tPLZ 


1.5 


4.8 


5.3 


1.5 


3 


4.6 


5.1 



t All typical values are at Vcc = 3 3 v > T A = 25 ° c - 
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SN54LVT573, SN74LVT573 

3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 



SCBS138A- MAY 1992 - REVISED MARCH 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output ~ 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 

-A/VV— - 



500 a 



S1, 



p 6V 

O Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
*PLZ/*PZL 
tPHZ/tPZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



Timing Input 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
0V 



Input 
(see Note B) 



Output 



Output 



2.7 V 
0V 




VOH 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at6V 
(see Note C) 



tpzL 



Output 
Waveform 2 
S1 at GND 
v OL (see Note C) 



J ,PLZ -"*I I*". 



\i. 5V \S 

tpZH-*l f*- \ 



,3 V 



2.7 V 
0V 

3V 

vol 



VQH-0.3V V ° H 

— « ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 



SCBS139A- MAY 1992 - REVISED MARCH 1993 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-VVcc) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 3.3 V, T A = 25°C 

ESD Protection Exceeds 2000 Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

Package Options Include Plastic 
Small-Outline (SOIC), Shrink Small-Outline 
(SSOP), and Thin Shrink Small-Outline 
(TSSOP) Packages, Ceramic Chip Carriers, 
and Plastic and Ceramic DIPs 



SN54LVT574 ... J PACKAGE 
SN74LVT574 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVT574 . . . FK PACKAGE 
(TOP VIEW) 

CM t- IO > i- 



3D ]4 
4D ]5 
5D ]6 
6D ]7 
7D 3 8 



description 



LJLJL_J|_1LJ 

3 2 1 20 19 



18[ 2Q 
17[ 



9 10 11 12 13 

nnnnn 



3Q 



16[ 4Q 
15[ 5Q 
14[ 6Q 



Q Q * O O 

00 Z -J 00 N 

O ° 



These octal flip-flops are designed specifically for 
low-voltage (3.3-V) V<x operation, but with the 
capability to provide a TTL interface to a 5-V 
system environment. 

The eight flip-flops of the 'LVT574 are edge-triggered D-type flip-flops. On the positive transition of the clock 
(CLK) input, the Q outputs are set to the logic levels that were set up at the data (D) inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

The output-enable (OE) input does not affect the internal operations of the flip-flops. Old data can be retained 
or new data can be entered while the outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT574 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT574 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74LVT574 is characterized for operation from -40°C to 85°C. 
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FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 
Q 


OE 


CLK 


D 


L 


T 


H 


H 


L 


t 


L 


L 


L 


HorL 


X 


Qo 


H 


X 


X 


z 



logic symbolt 



OE 
CLK 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 



1 N 


EN 

> C1 

n r 


19 


11 


2 


1D V 


3 


18 




4 




17 




5 




16 




6 




15 




7 




14 








13 




9 




12 











logic diagram (positive logic) 

-o — 



OE 



1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
7Q 
8Q 



CLK 



1D 



|> C1 
1D 



1Q 



To Seven Other Channels 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, V<x -0-5 V to 4.6 V 

Input voltage range, Vj (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT574 . 96 mA 

SN74LVT574 128mA 

Current into any output in the high state, \q (see Note 2): SN54LVT574 48 mA 

SN74LVT574 64mA 

Input clamp current, I|k(V|<0) -50 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.65 W 

DW package 0.85 W 

PW package 0.6 W 

Storage temperature range -65°C to 150°C 

+ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 
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* 

recommended operating conditions 







SN54LVT574 


SN74LVT574 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


•oh 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


24 


32 


mA 


"OL+ 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


1 CO 1 OUIMUI 1 lUIVO 


SN54LVT574 


SN74LVT574 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V, K 


Vcc = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 


V 0 H 


V C C = MIN to MAX*, IQH = -1 00 |xA 


Vcc-0.2 


VCC-0.2 


V 


V C C = 2.7V, l 0 H = -8mA 


2.4 


2.4 


V C C = 3V, l 0 H=-24mA 


2 




Vcc = 3V, l 0 H = -32mA 




2 


vol 


Vcc = 2.7V, loL=100|iA 


0.2 


0.2 


V 


Vcc = 2.7 V, Iol = 24 mA 


0.5 


0.5 


Vcc = 3V, loL=16mA 


0.4 


0.4 


Vcc = 3 V I'ol = 32 mA 


0.5 


0.5 


Vcc = 3 V, l0L = 48mA 


0.55 




Vcc = 3 V, Iol = 64 mA 




0.55 


"i 


V C C = 0orMAX+, V| = 5.5V 


4? 10 


10 


uA 


Vcc = 3.6 V, V| = Vcc or GND 


Control pins 


& ±1 


±1 


Vcc = 3.6 V, V| = V C C 


Data pins 


A" 1 


1 


V C C = 3.6 V, V| = 0 


:? -5 


-5 


•off 


Vcc = 0. v | or Vq = 0 to 4.5 V 


—it 


±100 


uA 


'l(hold) 


V C C = 3V 


V| = 0.8 V 


Data inputs 




75 


"A 


V| = 2 V 


—75 


—75 


l \JL.r\ 


Vcc = 3.6 V, V 0 = 3 V 


5 


5 


uA 


'OZL 


Vcc = 3.6 V, V O = 0.5V 


-5 


-5 


uA 


>CC 


V C C = 3.6 V, >O = 0, 
V| = V C c or GND 


Outputs high 


0.13 0.19 


0.13 0.19 


mA 


Outputs low 


8.7 12 


8.7 12 


Outputs 
disabled 


0.13 0.19 


0.13 0.19 


Alcc § 


Vcc = 3 V to 3.6 V, One input at Vcc ~ 0.6 V, 
Other Inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3VorO 


4 


4 


PF 


Co 


V 0 = 3VorO 


8 


8 


PF 



t All typical values are at Vcc = 3 -3 V, T A = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 





SN54LVT574 


SN74LVT574 


UNIT 


V C C = 3.3 V± 0.3 V 


V C C = 2.7 V 


Vcc = 3-3 V ± 0.3 V 


V C C = 27 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 150 


/'-> 0 150 


0 150 


0 150 


MHz 


t w Pulse duration, CLK high or low 


3.3 ^ 


:^>i.3 


3.3 


3.3 


ns 


Setup time, 
su data before CLKt 


High or low 


2 *\f K 


2.4 


2 


2.4 


ns 


t n Hold time, data after CLKt 


High or low 


0.3 


0 


0.3 


0 


ns 
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switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 





FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT574 


SN74LVT574 




PARAMETER 


Vcc = 3.3 V± 0.3 V 


v C c = 


2.7 V 


vcc = 


3.3 V± 0.3 V 


vcc = 


2.7 V 


UNIT 




MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




fmax 






150 


m 


150 


150 


MHz 


tPLH 


CLK 


Q 


1.7 


5.6 


,f 6.4 


1.7 


3.6 


5.4 


6.2 


ns 


tPHL 


2.4 


6.1 


J 6.8 


2.4 


4.3 


5.9 


6.6 


tpZH 


OE 


Q 


1 


5, 


6.1 


1 


2.9 


4.8 


5.9 


ns 


tPZL 


1.3 


5.$ - 


6.4 


1.3 


3.4 


5.1 


6.2 


tPHZ 


OE 


Q 


1.9 




6.1 


1.9 


4 


5.5 


5.9 


ns 


tPLZ 


1.7 


#4.7 


4.7 


1.7 


3.2 


4.5 


4.5 



t All typical values are at Vcc = 33 v > T A = 25 ° c - 
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From Output ~ 

Under Test 

C|_ = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

6V 



500 Q 

-AA/V- 



500 Q 



O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



V Y — 

15V A A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



0V 



Data Input 



X 



1.5 V 



tsu 1 



th 



]K i5v )GL 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0 V 



2.7 V 
0V 



Input 
(see Note B) 



Output 



Output 



2.7 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



£r ^ y fi 77 



Output 
Waveform 1 
S1 at 6 V 
(see Note C) 

Output 
Waveform 2 
St at GND 
(see Note C) 



IPZL ->| k— | 

\l.5V \S 

A } / VQL + 0.3V 

i tpHz->i k- 

tpZH">| |4- ] 



3 V 



2.7 V 
0V 

3V 

vol 

VOH 



S QV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 £1, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 
Package Options Include Plastic 
Small-Outline (SOIC), Shrink Small-Outline 
(SSOP), and Thin Shrink Small-Outline 
(TSSOP) Packages, Ceramic Chip Carriers, 
and Plastic and Ceramic DIPs 



SN54LVT646 . . . JT PACKAGE 
SN74LVT646 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 



CLKAB 
SAB 
DIR 
A1 



[ 

[2 
[3 
[4 
A2 [5 
A3 [ 6 
A4 [ 7 
A5 [ 8 
A6 [ 9 
A7 [ 10 
A8 [ 11 
GND [12 



1 U 24h V CC 



23 ] CLKBA 
22 ] SBA 
21 ] OE 
20 ] B1 
19 ] B2 
18 ] B3 
17] B4 
16 ] B5 
15 ] B6 
14] B7 
13 ] B8 



SN54LVT646 . . . FK PACKAGE 
(TOP VIEW) 



< 

< 

O -1 CD 
> O CO 



description 



4 3 2 1 28 27 26 



A5]10 2 
A6 P 11 12 13 14 15 16 17 18 1 

rij~ir"irin run 



25[ OE 
24[ B1 
23p B2 
NC 
B3 
B4 
B5 



Q CO S (D 
- CQ CQ CD 



< < z z 

CD 

NC - No internal connection 



These bus transceivers and registers are 
designed specifically for low-voltage (3.3-V) Vcc 
operation, but with the capability to provide a TTL 
interface to a 5-V system environment. 

The 'LVT646 consists of bus transceiver circuits, 
D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the 
input bus or from the internal registers. Data on the 
A or B bus is clocked into the registers on the 

low-to-high transition of the appropriate clock (CLKAB or CLKBA) input. Figure 1 illustrates the four fundamental 
bus-management functions that can be performed with the 'LVT646. 

Output-enable (OE) and direction-control (DIR) inputs are provided to control the transceiver functions. In the 
transceiver mode, data present at the high-impedance port may be stored in either register or in both. 

The select-control (SAB and SBA) inputs can multiplex stored and real-time (transparent mode) data . The 
direction control (DIR) determines which bus receives data when OE is low. In the isolation mode (OE high), 
A data may be stored in one register and/or B data may be stored in the other register. 

When an output function is disabled, the input function is still enabled and may be used to store and transmit 
data. Only one of the two buses, A or B, may be driven at a time. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT646 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 
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description (continued) 

The SN54LVT646 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74LVT646 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


X 


X 


t 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


t 


X 


X 


Unspecifiedt 


Input 


Store B, A unspecifiedt 


H 


X 


t 


t 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


L 


L 


X 


X 


Input disabled 


Input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


L 


X 


H 


Output 


Input 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


L 


H 


L 


X 


H 


X 


Input 


Output 


Stored A data to B bus 



t The data output functions may be enabled or disabled by various signals at the OE and DIR inputs. Data input functions are always enabled; 



i.e., data at the bus pins will be stored on every low-to-high transition of the clock inputs. 
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< 



I I 
I I 
I I 
I I 
J I 



i — r 

i i 
i i 
i i 
i i 



i i 
i i 
i i 
i i 

J L 



t — r 

i i 
i i 
i i 
i i 



✓ 00 



< 

(0 



I I 
I I 
I I 

J L 



I I 

I I 

I I 

I I 
I I 



I I 

I I 



T r 



I I 



m 

CO 




21 


3 


1 23 


2 


22 


21 


3 


1 23 2 


22 


OE 


DIR 


CLKAB CLKBA 


SAB 


SBA 


OE 


DIR 


CLKAB CLKBA SAB 


SBA 


X 


X 


t X 


X 


X 


L 


L 


X L X 


H 


X 


X 


X T 


X 


X 


L 


H 


L X H 


X 


H 


X 


t T 


X 


X 














STORAGE FROM 








TRANSFER STORED DATA 








A, B, OR A AND B 










TO A AND/ORB 





Figure 1 . Bus-Management Functions 

Pin numbers shown are for the DB, DW, JT, and PW packages. 
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logic symbolt 



OE 
DIR 

CLKBA 
SBA 

CLKAB 
SAB 

A1 



A2 
A3 
A4 
A5 
A6 
A7 
A8 



4 

< ► 



10 



21 


IN 


3 


f N 






23 




22 


1 


2 





G3 

3 EN1 [BA] 
3 EN2 [AB] 

>C4 
G5 
>C6 
G7 



r 



>1 



V 1 



6D 



1 7 



4D 



5 1 -I 



>1 



2V 



20 
< f < ► 



19 



_ — 


18 


— 


17 


— 
< ► 


16 
15 


— 
- — 


14 


— 


13 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and PW packages. 



B1 



B2 
B3 
B4 
B5 
B6 
B7 
B8 
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logic diagram (positive logic) 

21 



OE 



DIR 



On 



CLKBA - 

SBA — ^- 
CLKAB 



SAB 




To Seven Other Channels 

Pin numbers shown are for the DB, DW, JT, and PW packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc ■ • ■ ■ -°- 5 v t0 4 - 6 v 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) .... -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT646 96 mA 

SN74LVT646 128 mA 

Current into any-output in the high state, Iq (see Note 2): SN54LVT646 48 mA 

SN74LVT646 64mA 

Input clamp current, Iik (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package — 0.7 W 

DW package 1 W 

PW package 0.65 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > v cc- 



recommended operating conditions 







SN54LVT646 


SN74LVT646 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage . 


2.7 


3.6 


2.7 


3.6 


V 


V| H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 


24 


32 


mA 


'OL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



$ Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT646 


SN74LVT646 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


V C c = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


V C C = MIN to MAX*, l 0 H = -100 uA 


Vcc-0.2 


Vcc-0.2 


V 


V C C = 2.7V, l 0 H = -8mA 


2.4 


2.4 


V C C = 3V, l 0 H = -24mA 


2 




V C C = 3V, l 0 H = -32mA 




2 


vol 


VCC = 2.7V, l O L=100^A 


0.2 


0.2 


V 


Vqc = 2.7 V, l 0 L = 24 mA 


0.5 


0.5 


Vcc = 3V, loL = 16mA 


0.4 


0.4 


V C C = 3V, l 0 L = 32mA 


0.5 


0.5 


Vqc = 3 V, Iql = 48 mA 


0.55 




Vqc = 3 V, Iql = 64 mA 




0.55 


ii 


Vqc = 3.6 V, V| = Vqc or GND 


Control pins 


±1 


±1 


uA 


Vcc = OorMAXt, V| = 5.5V 


10 


10 


VQC = 3.6 V, V| = 5.5 V 


A or B ports§ 


100 


20 


V C C = 3.6V, V| = V C C 


1 


1 


VcC = 3.6V, V| = 0 


-5 


-5 


'oft 


Vcc = 0. v l or Vq = 0 to 4.5 V 




±100 


ii A 


1 1 (hold) 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


uA 


V| = 2V 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vo = 3 V 


1 


1 


uA 


'OZL 


Vcc = 3.6 V, V 0 = 0.5 V 


—1 


—1 


uA 


»CC 


V C C = 3-6V, l O = 0, 
V| = V C c or GND 


Outputs high 


0.13 0.5 


0.13 0.19 


mA 


Outputs low 


8.8 14 


8.8 12 


Outputs 
disabled 


0.13 0.5 


0.13 0.19 


Alec 11 


Vcc = 3 V to 3.6 V, One input at Vcc " °- 6 V, 
Other inputs at Vcc or ^ ND 


0.3 


0.2 


mA 


Cj 


V| = 3VorO 


4.5 


4.5 


PF 


Cj 0 


Vq = 3 V or 0 


11 


11 


pF 



t All typical values are at Vcc = 3.3 V, = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 2) 





SN54LVT646 


SN74LVT646 


UNIT 


Vcc = 3.3 V ± 0.3 V 


V C C = 2.7 V 


Vcc = 3.3 V± 0.3 V 


V C C - 2-7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


f clock Clock frequency 


0 150 


0 150 


0 150 


0 150 


MHz 


t w Pulse duration, CLK high or low 


3.3 


3.3 


3.3 


3.3 


ns 


Setup time, A or B before 
su CLKABt or CLKBAT 


High 


1.5 


1.5 


1.3 


1.3 


ns 


Low 


2.5 


3 


2 


2.4 


Hold time, A or B after 
h CLKABt or CLKBAt 


0.9 


0.9 


0.4 


0.4 


ns 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 2) 





FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT646 


SN74LVT646 




PARAMETER 


Vcc = 3.3 V± 0.3 V 


V C C = 2.7 V 


vcc = 


3.3 V± 0.3 V 


V C C = 2-7 V 


UNIT 




MIN 


MAX 


MAX 


MIN 


TYPt 


MAX 


MAX 




fmax 






150 




150 




MHz 


tPLH 


• CLKBA or 


A or B 


1.2 


5.9 


6.9 


1.8 


3.8 


5.7 


6.7 


ns 


tPHL 


CLKAB 


1.2 


5.9 


6.6 


2.1 


3.8 


5.7 


6.4 


tPLH 


A or B 


Bor A 


0.8 


4.9 


5.6 


1.3 


2.8 


4.7 


5.4 


ns 


tPHL 


0.6 


4.8 


5.5 


1 


2.7 


4.6 


5.3 


tPLH 


SBA or SABT 


A or B 


1 


6.4 


7.4 


1.4 


3.7 


6.2 


7.2 


ns 


tPHL 


1 


6.4 


7 


1.4 


3.8 


6.2 


6.8 


tpZH 


OE 


A or B 


0.6 


6 


7.4 


1 


3 


5.8 


7.2 


ns 


tPZL 


0.6 


6.2 


7.5 


1 


3.2 


6 


7.3 


tPHZ 


OE 


A or B 


1.4 


6.7 


7.1 


2.3 


4.3 


6.5 


6.9 


ns 


tPLZ 


1.4 


6.4 


6.5 


2.2 


3.8 


5.8 


5.9 


tPZH 


DIR 


A or B 


0.6 


6.7 


7.7 


1 


3.4 


6.5 


7.5 


ns 


tPZL 


0.8 


6.5 


7.3 


1.2 


3.4 


6.3 


7.1 


tPHZ 


DIR 


A or B 


0.8 


7.4 


8.3 


1.7 


4.1 


7.2 


■8.1* 


ns 


tPLZ 


1 


6.7 


7 


1.5 


3.5 


5.8 


6.3 



t All typical values are at Vqc = 3 3 V, Ta = 25°C. 

t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

6V 



500 Q, 

-AAA/— 



500 Q 



S1, 



o 

O Open 
9 GND 



TEST 


S1 


tPLHfiPHL 
tPLZ^PZL 
tPHZ^PZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



-t w - 



Input 1.5V^" ~^1.5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



0V 



Data Input 



, . su 'r th j 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
0V 



Input 
(see Note B) 



Output 



Output 



2.7 V 
0 V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



tpZL 



Output 
Waveform 1 
S1 at 6 V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



tpZH 



\1.5V \S 
A | / VQL + 03V 

| tpHZ-*l j^" 

I . 



2.7 V 
0V 

3V 

vol 



" v VOH 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical V 0 i_p (Output Ground Bounce) 
< 0.8 V at V C c = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 
Package Options Include Plastic 
Small-Outline (SOIC), Shrink Small-Outline 
(SSOP), and Thin Shrink Small-Outline 
(TSSOP) Packages, Ceramic Chip Carriers, 
and Plastic and Ceramic DIPs 



description 



These bus transceivers and registers are 
designed specifically for low-voltage (3.3-V) V<x 
operation, but with the capability to provide a TTL 
interface to a 5-V system environment. 

The 'LVT652 consists of bus transceiver circuits, 
D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the 
data bus or from the internal storage registers. 



SN54LVT652 . . . JT PACKAGE 
SN74LVT652 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 



CLKAB [ 1 
SAB [ 2 
OEAB [ 3 
A1 [ 4 
A2 [ 5 
A3 [ 6 
A4 [ 7 
A5 [ 8 
A6 [ 9 
A7 [ 10 
A8 [ 11 
GND [ 12 



24 ] V CC 
23 ] CLKBA 
22 ] SBA - 
21 ] OEBA 
20]B1 
19 ] B2 
18 ] B3 
17 ] B4 
16]B5 
15 ] B6 
14]B7 
13 ] B8 



SN54LVT652 . . . FK PACKAGE 
(TOP VIEW) 

CO 



CD 

< m ^ 
uj < j o 
Owoz 



< 

CD _ 

O * < 

O — ' CD 

> O CO 



A1 
A2 
A3 



5 
]6 
]7 



4 3 2 1 28 27 26 



NC ] 8 
A4 ] 9 
A5 ]10 
A6 ] 11 



12 13 14 15 16 1718 



25[ OEBA 

24[ B1 

23 [ B2 

22[ NC 

21 [ B3 

20[ B4 

19[ B5 



N CO Q Q CO N CD 

< < ^ Z! ^ 00 °^ 
(3 

NC - No internal connection 



Output-enable (OEAB and OEBA) inputs are provided to control the transceiver functions. Select-control (SAB 
and SBA) inputs are provided to select whether real-time or stored data is transferred. The circuitry used for 
select control eliminates the typical decoding glitch that occurs in a multiplexer during the transition between 
stored and real-time data. A low input selects real-time data, and a high input selects stored data. Figure 1 
illustrates the four fundamental bus-management functions that can be performed with the 'LVT652. 

Data on the A or B data bus, or both, can be stored in the internal D-type flip-flops by low-to-high transitions at 
the appropriate clock (CLKAB or CLKBA) inputs regardless of the select- or enable-control pins. When SAB and 
SBA are in the real-time transfer mod e, it is possible to store data without using the internal D-type flip-flops by 
simultaneously enabling OEAB and OEBA. In this configuration each output reinforces its input. Therefore, 
when all other data sources to the two sets of bus lines are at high impedance, each set of bus lines remains 
at its last state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 
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description (continued) 

The SN74LVT652 is packaged in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT652 is characterized for operation over the full military temperature range of -55°C to 1 25°C. The 
SN74LVT652 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA l/Ot 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


L 


H 


L 


L 


X 


X 


Input 


Input 


Isolation 


L 


H 


t 


t 


X 


X 


Input 


Input 


Store A and B data 


X 


H 


T 


L 


X 


X 


Input 


Unspecified* 


Store A, hold B 


H 


H 


t 


T 


xt 


X 


Input 


Output 


Store A in both registers 


L 


X 


L 


t 


X 


X 


Unspecified* 


Input 


Hold A, store B 


L 


L 


T 


t 


X 


xt 


Output 


Input 


Store B in both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


L 


X 


H 


Output 


Input 


Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


L 


X 


H 


X 


Input 


Output 


Stored A data to B bus 


H 


L 


L 


L 


H 


H 


Output 


Output 


Stored A data to B bus and 
stored B data to A bus 



t The data output functions may be enabled or disabled by a variety of level combinations at the OEAB or OEBA inputs. Data input functions are 

always enabled; i.e., data at the bus pins is stored on every low-to-high transition on the clock inputs, 
t Select control = L; clocks can occur simultaneously. 

Select control = H; clocks must be staggered in order to load both registers. 
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< 



I I 
I I 
I I 
I I 
J I 



t — r 

i i 
i i 
i i 
i i 



i i 
i i 
i i 
i i 
j L 



DO 
(0 



t — r 

i i 
i i 
i i 
i i 



< 



I I 
I I 
I I 



I I 
I I 
I I 



I I 
I I 
I I 

J L 



1 r 

I I 

I I 

I I 
i I 



> 




21 



1 



23 



OEAB OEBA CLKAB CLKBA SAB 



t X 
X t 
t t 
STORAGE FROM 
A, B, OR A AND B 



22 
SBA 
X 
X 
X 



3 21 1 23 2 22 

OEAB OEBA CLKAB CLKBA SAB SBA 
H L L L H H 



TRANSFER STORED DATA 
TO A AND/ORB 



Figure 1 . Bus-Management Functions 

Pin numbers shown are for the DB, DW, JT, and PW packages. 
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logic symbolt 



OEBA 
OEAB 
CLKBA 
SBA 
CLKAB 
SAB 

A1 



A2 
A3 
A4 
A5 
A6 
A7 
A8 



21 



23 



22 



10 



EN1 [BA] 
EN2 [AB] 

> C4 
G5 

> C6 
G7 

n 



|— 6D 
-1— 



>1 



V 1 



1 7 



4D 



5 1 -I 



2V 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and PW packages. 



20 



19 



18 



17 



16 



15 



14 



13 



B1 



B2 
B3 
B4 
B5 
B6 
B7 
B8 
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logic diagram (positive logic) 




To Seven Other Channels 

Pin numbers shown are for the DB, DW, JT, and PW packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x ■ ■ ~ 0 - 5 v t0 4 - 6 v 

Input voltage range, V| (see Note 1) ... -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) — -0.5 V to 7 V 

Current into any output in the low state, \q\ SN54LVT652 96 mA 

SN74LVT652 ..... 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT652 48 mA 

SN74LVT652 .. 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

PW package 0.65 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current wi|l only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT652 


SN74LVT652 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2-7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V, L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


24 


32 


mA 


lOL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT652 


SN74LVT652 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l| =-18 mA 


-1.2 


-1.2 


V 


V 0 H 


Vqc = MIN to MAX*, Iqh = -1 00 


VcC-0.2 


Vcc-0.2 


V 


V C C = 2.7V, Iqh = -8 mA 


2.4 


2.4 


V C C = 3V, l 0 H = -24mA 


2 




VCC = 3V, Iqh = -32 mA 




2 


vol 


V C C = 2.7V, l O |_=100uA 


0.2 


0.2 


V 


V C C = 2.7 V, Iql = 24 mA 


0.5 


0.5 


Vcc = 3V, Iql = 16 mA 


0.4 


0.4 


VCC = 3 V, Iql = 32 mA 


0.5 


0.5 


VQC = 3 V, Iql = 48 mA 


0.55 




VQC = 3 V, Iql = 64 mA 




0.55 


ii 


V C c = 3.6 V, V| = Vqc or GND 


Control pins 


- ; ±1 


±1 


uA 


VQC = 0 or MAX*, V| = 5.5 V 


,r 10 


10 


VQC = 3.6 V, V| = 5.5 V 


A or B ports§ 


20 


20 


V C C = 3.6 V, V| = V C C 


1 


1 


VQC = 3.6 V, V| = 0 


,„;/ -5 


-5 


'off 


Vcc = 0, V| or Vq = 0 to 4.5 V 




±100 


uA 


'l(hold) 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


uA 


V| = 2 V 


-75 


-75 


lOZH 


Vcc = 3.6 V, Vo = 3 V 


1 


1 


uA 


•OZL 


Vcc = 3.6 V, Vq = 0.5 V 


-1 


— 1 


uA 


'cc 


V C C = 3.6 V, 'O = 0, 
V| = Vcc or GND 


Outputs high 


0.13 0.19 


0.13 0.19 


mA 


Outputs lovy 


8.8 12 


8.8 12 


Outputs 
disabled 


0.13 0.19 


0.13 0.19 


Alec 11 


Vcc = 3 V to 3.6 V, One input at Vcc - 0-6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 


4.5 


4.5 


PF 


Cjo 


Vq = 3 V or 0 


11 


11 


PF 



t All typical values are at Vcc = 3.3 V, T A = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 2) 





SN54LVT652 


SN74LVT652 


UNIT 


Vcc = 3.3 V ±0.3 V 


V C C = 2.7V 


Vcc = 3.3 V± 0.3 V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock clock frequency 


0 150 


0 150 


0 150 


0 150 


MHz 


t w Pulse duration, CLK high or low 






3.3 


3.3 


ns 


Setup time, A or B before 
su CLKABt or CLKBAt 


Data high 






1.2 


1.2 


ns 


Data low 






2 


2.5 


Hold time, A or B after 
h CLKABt or CLKBAT 






0.5 


0.5 


ns 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT652 


SN74LVT652 


UNIT 


Vcc = 3.3 V ± 0.3 V 


V C C = 2.7 V 


Vcc = 3-3 V± 0.3 V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 


fmax 










150 


150 


MHz 


tPLH 


CLKBA or 
CLKAB 


A or B 






1.8 3.7 6 


6.9 


ns 


tPHL 






2 3.7 5.7 


6.4 


tPLH 


A or B 


Bor A 






1.2 2.8 4.7 


5.5 


ns 


tPHL 






1 2.6 4.6 


5.3 


tPLH 


SBA or SAB? 


A or B 






1.4 3.7 6.4 


7.6 


ns 


tPHL 






1.4 4 6.2 


6.8 


tpZH 




A 






1 2.9 5.8 


7.2 


ns 


tPZL 


OEBA 






1 3 6 


7.3 


tPHZ 




A 






2.2 3.9 6.5 


6.9 


ns 


tPLZ 


OEBA 






1.8 3.2 5.8 


5.9 


tpZH 


OEAB 


B 






1 3.3 6.5 


7.5 


ns 


tpZL 






1.2 3.4 6.3 


7.1 


tPHZ 


OEAB 


B 






1.7 4.5 7.2 


8.1 


ns 


tPLZ 






1.5 3.8 5.8 


6.3 



t All typical values are at Vcc = 3.3 v > T A = 25 ° c - 

t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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From Output _ 



Under Test 

C|_ = 50 pF -- 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q 



500 Q 



S1, 



p 6V 

O Open 
9 GND 



TEST 


S1 


tPLH/tpHL 
tPLZ'tPZL 
tPHZ^PZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



-t w 



— y y — 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



0V 



Data Input 



}(i. 5 v )<^T Q 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



J> vly 27V 



Input 
(see Note B) 



Output 



Output 



2.7 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note C) 



Output 
Waveform 2 
S1 at GND 
v OL (see Note C) 



tpzL k— 



tpLZ-^ f- 



N.1.5V | \s — 



| tpHZ-^ 
tpZH-^l |«- 



2.7 V 
0V 

3V 

vol 



>^7~^o"-^ V ° H 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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SN54LVT2952, SN74LVT2952 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS152B - MAY 1992 - REVISED JULY 1993 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-VVcc) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical V 0 |_P (Output Ground Bounce) 
< 0.8 V at V C c = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 
Package Options Include Plastic 
Small-Outline (SOIC), Shrink Small-Outline 
(SSOP), and Thin Shrink Small-Outline 
(TSSOP) Packages, Ceramic Chip Carriers, 
and Plastic and Ceramic DIPs 



SN54LVT2952 . . . JT PACKAGE 
SN74LVT2952 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 



B8[ 
B7[ 
B6[ 
B5[ 
B4[ 
B3[ 
B2[ 
B1 [ 

oeab[ 

CLKAB [ 
CLKENAB [ 



GND[ 12 



U 24 ] V CC 
23 ] A8 
22 ] A7 
21 ] A6 
20 ] A5 
19]A4 
18 ] A3 
17] A2 

16 ] A1 

15 ] OEBA 
14 ] CLKBA 
13 ] CLKENBA 



SN54LVT2952 . . . FK PACKAGE 
(TOP VIEW) 



CD N 00 O 
CQ CD CQ Z 



O 

£3$ 



description 



y l—ll— )LJL_II_IL-JLJ 

n 4 3 2 1 28 27 26 P 
B5 ] 5 25[ A6 

B4 ] 6 2 4[ A5 

B3 ] 7 23[ A4 

NC ] 8 22[ NC 

B2 ] 9 21 [ A3 

m ] 10 - 20[ A2 

OEAB ] 11 19[ A1 

12 13 14 15 16 1718 

I nnnnnnn I 



CD 


Q 


O 


< 


< 


2 


< 


Z 


z 




CD 




Z 


CD 




z 




LU 


LU 




LU 


—1 


O 










o 










_J 






o 






o 







NC - No internal connection 



These octal bus transceivers and registers are 
designed specifically for low-voltage (3.3-V) Vqq 
operation, but with the capability to provide a TTL 
interface to a 5-V system environment. 

The 'LVT2952 consists of two 8-bit back-to-back 
registers that store data flowing in both directions 
between two bidirectional buses. Data on the A or 
B bus is stored in the registers on the low-to-high 
transition of the clock (CLKAB or CLKBA) in put 
provided t hat the clock-enable (CLKENAB or 
CLKEN B A) input is low. Taking the output-enable 
(OEAB or OEBA) input low accesses the data on 
either port. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT2952 is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54LVT2952 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT2952 is characterized for operation from -40°C to 85°C. 
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FUNCTION TABLET 



INPUTS 


OUTPUT 


CLKENAB 


CLKAB 


OEAB 


A 


B 


H 


X 


L 


X 


B 0 * 


X 


HorL 


L 


X 


B 0 * 


L 


T 


L 


L 


L 


L 


T 


L 


H 


H 


X 


X 


H 


X 


Z 



t A-to-B d ata flow is s hown; B-to-A data flo w is similar 
but uses CLKENBA, CLKBA, and OEBA. 

t Level of B before the indicated steady-state input 
conditions were established. 



logic symbol§ 



OEBA 
CLKENBA 
CLKBA 

OEAB 
CLKENAB 
CLKAB 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 



15 



13 



14 



11 



10 



16 



17 



18 



19 



20 



21 



22 



23 



EN3 



^G1 

> 1 C5 
EN4 
G2 

> 2C6 



» < 



V3 



6D 



5D 



4V 



§This symbol is in accordahce with ANSI/IEEE Std 91-1984 and I EC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and PW packages. 



B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 
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logic diagram (positive logic) 



CLKENAB- 



On 



CLKAB 



10 



OEAB O 



CLKENBA 



CLKBA 



13 



On 



14 



15 



OEBA O 



A1 



C1' 



1D 



> C1 
1D 



< f B1 



^ 

To Seven Other Channels 



Pin numbers shown are for the DB, DW, JT, and PW packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) .... -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT2952 96 mA 

SN74LVT2952 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT2952 48 mA 

SN74LVT2952 64 mA 

Input clamp current, l| K (Vj < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ■ mA 

Maximum power dissipation at Ta = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

PW package ...0.65W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT2952 


SN74LVT2952 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V| H 


High-level input voltage 


2 ^ 


2 


V 


V|L 


Low-level input voltage 


M.s 


0.8 


V 


V| 


Input voltage 


/?' 5.5 


5.5 


V 


'OH 


High-level output current 


\ -24 


-32 


mA 


'OL 


Low-level output current 


;;' 24 


32 


mA 


"OL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



* Current duty cycle < 50%, f > 1 kHz 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specif ications are design goals. Texas Instruments reserves the right to 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT2952 


SN74LVT2952 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


V C C = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = MIN to MAX*, Iqh = ~ 1 00 


Vcc-0-2 


Vcc-0.2 


V 


V CC = 2 7 v , >OH = - 8 mA 


2.4 


2.4 


V C C = 3V, l 0 H = -24mA 


2 




V C C = 3 V, Iqh = -32 mA 




2 


vol 


VCC = 2 - 7V , Iol=100|liA 


0.2 


0.2 


V 


Vcc = 2.7 V, Iol = 24 mA 


0.5 


0.5 


Vcc = 3 V, loL = 16mA 


0.4 


0.4 


Vcc = 3 V, l 0 L = 32 mA 


0.5 


0.5 


Vcc = 3 V, Iql = 48 mA 


0.55 




Vcc = 3 V, Iql = 64 mA 




0.55 


ii 


Vcc = 3-6 V, V| = V C C or GND 


Control pins 


±1 


±1 


liA 


Vcc = 0 or MAX*, V| = 5.5 V 


10 


10 


V C C = 3-6 V, V| = 5.5 V 


A or B ports§ 


20 


20 


V C C = 3.6 V, V| = V C C 


1 


1 


Vcc = 3.6 V, V| = 0 


-5 


-5 


'off 


Vcc = °. V|orVQ = 0to4.5V 




±100 


liA 


'l(hold) 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


)iA 


V| = 2V 


—75 


—75 


\r\~7u 
'UZM 


V C c = 3.6 V, V 0 = 3 V 


1 


1 


^iA 


'OZL 


Vcc = 3.6 V, V 0 = 0.5 V 


-1 


-1 


|iA 


'cc 


V C C = 3.6 V, l O = 0, 
V|-V C c or GND 


Outputs high 


0.13 0.19 


0.13 0.19 


mA 


Outputs low 


8.8 12 


8.8 12 


Outputs disabled 


0.13 0.19 


0.13 0.19 


Alec 11 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 


4.5 


4.5 


PF 




Vq = 3 V or 0 


11.5 


11.5 


PF 



t All typical values are at Vcc = 3 -3 V, T A = 25°C. 

* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

U This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



hhuuui; i KKtvitw imormation concerns products in tne rormative or — 

design phase of development. Characteristic data and other ^KfJL — 

specifications are design goals. Texas Instruments reserves the right to TpvA C 1 

change or discontinue these products without notice. \f lCA/\\J 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 1 1 -77 



SN54LVT2952, SN74LVT2952 

3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS1 52B - MAY 1 992 - REVISED SEPTEMBER 1 993 , 



timing requirement over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 





SN54LVT2952 


SN74LVT2952 


UNIT 


VQQ sb 3.3 V ± 0.3 V 


Vcc = 2.7 V 


VCC = *3 V ± 0.3 V 


Vqq = 2.7 V 


MIN MAY 
rain m<r%y\ 


MIN MAX 


MIN MAX 


MIN MAY 
mini NIAA 


fclock Clock frequency 






150 


150 


MHz 


t w Pulse duration 


CLKhigh 







3.3 


3.3 


ns 


CLKlow 


,„ ' A 




3.3 


3.3 


Setup time 
su before CLKf 


AorB 


High 


— S2 J* 


2.9 


2.5 


2.8 


ns 


Low 


— 26 £ 


3.1 


2.5 


3 


CE 


High 


0.9 >> 


0.8 


0.9 


0.8 


Low 




2.7 


2.4 


2.7 


Hold time 
n after CLKf 


AorB 




0.7 


1.5 


0.7 


ns 


CE 


2.6 


2.6 


2.5 


2.6 



switching characteristics over recommended operating free-air temperature range, Cj_ = 50 pF 
(unless otherwise noted) (see Figure 1) 





FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT2952 


SN74LVT2952 




PARAMETER 


v C c = 


3.3 V± 0.3 V 


v C c = 


2.7 V 


v C c = 


3.3 V± 


0.3 V 


v C c = 


2.7 V 


UNIT 




MIN 


TYPt MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




fmax 










150 


150 


MHz 


tPLH 


CLKBA or 


AorB 


1.3 


6.4 




7.4 


1.3 


3.6 


6.1 


2.7 


7.1 


ns 


tPHL 


CLKAB 


1.8 


6M 


fir 


7 


1.8 


3.7 


6 


2.7 


6.9 


tpZH 


OEBAor 


AorB 


1 


$ 

6$ 


2.6 


7.3 


1 


3.2 


5.6 


2.6 


6.7 


ns 


tpZL 


OEAB 


1.1 


— Tfr 


2.9 


8.2 


1.2 


3.2 


6.5 


2.9 


8 


tPHZ 


OEBAor 


AorB 


1 




2.7 


7.6 


1 


4.1 


6.3 


2.7 


6.9 


ns 


tPLZ 


OEAB 


1.6 


<r 5.8 


1.7 


6 


1.6 


3.3 


5.1 


1.8 


5.3 



t All typical values are at Vqc = 3.3 V, Ta = 25°C. 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



500 Q. 

-wv- 



500 Q 



o 6V 

O Open 
P GND 



TEST 


S1 


tPLHflPHL 
tPLZ'tPZL 
tPHZ^PZH 


Open 
6 V 
GND 



LOAD CIRCUIT FOR OUTPUTS 




Input 1.5 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



0V 



*su 



4- 



th 



Data Input ^1.5 V ^TsvT 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
OV 



2.7 V 
OV 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output VTsV Vl.5V 
Control /\ 



Output 
Waveform 1 
S1 at6V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



2.7 V 
0V 



tpZL- , 

tpLZ-^ +- 

\l.5V Y 

| tpHZ"^ j«- 

tpZH-^| |«- j 

y^r~^o» -«-v voh 

f ^ ~ ov 



3V 



vol 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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General Information 



ABT Octals 



ABT Widebus™ 



ABTE/ETL Widebus™ 



ABT Widebus* 



TM 



ABT Memory Drivers 



ABT 25-Q Incident-Wave Switching Drivers 



Futurebus+/BTL Transceivers 



ABT JTAG/IEEE 1149.1 



LVT JTAG/IEEE 1149.1 



LVT Octals 



LVT Widebus 



TM 



LVT Memory Drivers 



LVT/GTL Widebus 



TM 



Application Notes and Articles 
ABT Characterization Information 



Mechanical Data 
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Features 



LVT Widebus™ 



Benefits 



EPIC-IIB™ BiCMOS process with special 
low-voltage enhancements 

Mixed-mode circuitry 

Expanded Vqc range from 2.7 V to 3.6 V 

Bus-hold circuitry 

Power-on-demand active feedback 
circuitry 

Widebus™ and UBT™ architectures 

JEDEC SSOP (Widebus™) and EIAJ 
TSSOP (Shrink Widebus™) packaging 

Tl has established an alternate source 



• 3.3-V logic family with equivalent speed 
and drive performance of 5-V ABT logic 
family - not just a recharacterized or 
scaled CMOS 

• Complete input and output compatibility 
with 5-V signals combined with a pure 
3.3-V internal supply signal - provides 
bidirectional 3-V to 5-V translation 

• AC performance optimized for both 
regulated supply and unregulated battery 
operation 

• Reduces component count by eliminating 
need for external pullup or pulldown 
resistors on I/O pins configured as inputs 
left unused or floating 

• Reduces disabled static power 

consumption (Iccz) t0 as ' ittle as 01 mA 
for power-conscious portable and 
battery-powered equipment 

• 1 6- and 1 8-bit densities for flexible 
integration 

• Space-saving and height-saving 
surface-mount package options, pin 
compatible with existing 5-V families for 
easy conversion 

• Standardization that comes from a 
common product approach 
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• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• Member of the Texas Instruments 
Wldebus™ Family 

• Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-VVcc) 

• Supports Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 3.3 V, T A = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 

(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54LVT16244A ... WD PACKAGE 
SN74LVT16244A . . . DGG OR DL PACKAGE 
(TOP VIEW) 
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description 

The 'LVT16244A is a 16-bit buffer and line driver designed for low-voltage (3.3-V) Vqc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. The device can be used as four 4-bit buffers, 
two 8-bit buffers, or one 16-bit buffer. This device provides true outputs and symmetrical OE (active-low 
output-enable) inputs. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT16244A is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54LVT1 6244A is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT1 6244A is characterized for operation from -40°C to 85°C. 



Widebus is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains production mm Copyright © 1 993, Texas Instruments Incorporated 
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logic symbol t 
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logic diagram (positive logic) 
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t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
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FUNCTION TABLE 
(each buffer) 



INPUTS 


OUTPUT 
Y 


OE A 


L H 


H 


L L 


L 


H X 


Z 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vqc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output In the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, Iq: SN54LVT1 6244A 96 mA 

SN74LVT16244A 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT1 6244A 48 m A 

SN74LVT1 6244A 64 m A 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at TX = 55 ° c ( in sti" air )' DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vcc- 



recommended operating conditions 





SN54LVT16244A 


SN74LVT16244A 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


2.7 3.6 


2.7 3.6 


V 


V|(-j High-level input voltage 


2 A 


2 


V 


V|i_ Low-level input voltage 





0.8 


V 


V| Input voltage 


A- 


5.5 


V 


'OH High-level output current 


A* -24 


-32 


mA 


Iql Low-level output current 




32 


mA 


lOL* Low-level output current 


/ : 


64 


mA 


At/Av Input transition rise or fall rate Outputs enabled 


TT 


10 


ns/V 


Ta Operating free-air temperature 


-55 125 


-40 85 


°c 



* Current duty cycle s 50%, f * 1 kHz 



phouuci PKtvitw inrormauon concerns proaucts in ine rormairve or ™ 
design phase of development Characteristic data and other 

specifications are design goals. Texas Instruments reserves the right to W**W Tijv A O 

change or discontinue these products without notice. \f lJcrYV/\ J 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT16244A 


SN74LVT16244A 


UNIT 


MIN MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l| =-18mA 


-1.2 


-1,2 


V 


VOH 


Vcc = MIN to MAX*, Ioh - "1 00 V* 


Vcc-0.2 


Vcc-0.2 


V 


V C c = 2.7V, l 0 H = -8mA 


24 


2.4 


Vcc = 3V l 0 H = -24mA 


2 




V C C = 3V, l 0 H = -32mA 




2 


vol 


Vcc = 2.7 V, IoL=100mA 


0.2 


0.2 


V 


Vcc = 2.7 V, loL = 24mA 


0.5 


0.5 


Vcc = 3V, loL=16mA 


0.4 


0.4 


V C C = 3V, l 0 L = 32mA 


0.5 


0.5 


Vcc = 3V, loL = 48mA 


Sj2- 




Vcc = 3V, loL = 64mA 




0.55 


ii 


Vcc = 0orMAX*. V| = 5.5V 


- — #^ 


10 


HA 


Vcc = 3.6 V, V| = Vcc or GND 


Control pins 




±1 


Vcc « 3.6 V, V|=V C C 


Data pins 


4> 1 


1 


Vcc = 3.6V, V| = 0 




-5 


•off 


Vcc = 0. V|orVo = 0to4.5V 




±100 


MA 


'l(hold) 


V C C = 3V 


V| = 0.8V 


A inputs 


75 


75 


ma 


V| = 2V 


-75 


-75 


'OZH 


Vcc = 3.6V, Vq = 3V 


5 


5 


ma 


•OZL 


Vcc = 3.6 V, Vq = 0.5V 


-5 


-5 


ma 


ice 


Vcc = 3.6 V, IO = 0- 
V|=Vcc or GND 


Outputs high 


0.09 


0.09 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.09 


0.09 


Alcc § 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 




4 


PF 


Co 


Vo = 3VorO 




10 


PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT16244A 


SN74LVT16244A 


UNIT 


Vcc = 3.3 V± 0.3 V 


V C C - 2.7 V 


Vcc = 3.3 V± 0.3 V 


Vcc = 2.7 V 


MIN MAX 


^IIN MAX 


MIN TYPt MAX 


MIN MAX 


tPLH 


A 


Y 


1 4.2 


r 5.1 


1 2.3 4.1 


5 


ns 


tPHL 


1 4 - 2 J 


5.3 


1 2.3 4.1 


5.2 


tpZH 


OE 


Y 


1 5 -a5 


6.4 


1 2.6 5.2 


6.3 


ns 


tpZL 


i i» — 


6.8 


1 2.6 5.2 


6.7 


tpHZ 


OE 


Y 




6.4 


2.2 3.9 5.7 


6.3 


ns 


tPLZ 


1.9 4^5.3 


5.7 


2 3.7 5.1 


5.6 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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From Output . 



Under Test 
Cl = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

~ 6 V 



500 O 

-AAAr- 



500 a 



o Open 
Q GND 



TEST 


S1 


tPLH/tPHL 
tpLZ/tpZL 
tPHZ^PZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



Input 



— \y v — 

1SV A A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



OV 



Data Input 



*su 



. 1.5 V 

,\ 



X 



1.5 V 



2.7 V 
OV 



2.7 V 
OV 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Waveform 1 
S1at6V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



tpZL-*| ]4- | 

1 tp|_Z-*l |«- 



\l.5V Y 



VQH-0.3V 



2.7 V 
OV 

3V 

vol 

VOH 

« OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABUNG 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR s 10 MHz, Zq = 50 Q, t r & 2.5 ns, tf s 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN54LVT16245, SN74LVT16245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
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State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Member of the Texas Instruments 
Widebus™ Family 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54LVT16245 ... WD PACKAGE 
SN74LVT16245 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



1DIR[ 1 
1B1[ 2 
1B2[ 3 

GND[ 4 
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1B4[ 6 

v cc [ 7 
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1B6[ 9 

GND[ 10 
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GND[ 15 
2B3[ 16 
2B4[ 17 
V CC [ 18 
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GND[ 21 
2B7[ 22 
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2DIR[ 24 



48 ] 10E 
47 ] 1A1 
46 ] 1A2 
45 ] GND 
44 ] 1A3 
43 ] 1A4 
42 ] V CC 
41 ] 1A5 
40 ] 1A6 
39 ] GND 
38 ] 1A7 
37 ] 1A8 
36 ] 2A1 
35 ] 2A2 
34 ] GND 
33 ] 2A3 
32 ] 2A4 
31 ] V CC 
30 ] 2A5 
29 ] 2A6 
28] GND 
27 ] 2A7 
26 ] 2A8 
25]20E 



description 



The 'LVT16245 is a 16-bit (dual-octal) noninverting 3-state transceiver designed for low-voltage (3.3-V) Vcc 
operation, but with the capability to provide a TTL interface to a 5-V system environment. 

This device can be used as two 8-bit transceivers or one 1 6-bit transceiver. It allows data transmission from the 
A bus to the B bus or from the B bus to the A bus depending upon the logic level at the direction-control (DIR) 
input. The output-enable (OE) input can be used to disable the device so that the buses are effectively isolated. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT1 6245 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin count 
and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54LVT1 6245 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT1 6245 is characterized for operation from -40°C to 85°C. 



Widebus is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION « Copyright © 1993, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to W arn 

specifications per the terms of Texas Instruments standard warranty. wVw A C* 

Production processing does not necessarily include testing of all I r". X 
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FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 



logic symbolt 



10E 
1DIR 



20E 
2DIR 



1A1 

1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
2A1 

2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



48 



25 



24 



G3 

3EN1 [BA] 
3 EN2 [AB] 
G6 

^| 6 EN4 [BA] 
6 EN5 [AB] 



47 


V 1 < 
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— « 


i 


> 2V 
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«-►— 

44 
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43 


6 




41 




8 




40 




9 




38 




11 




37 




12 




36 






V 4 < 




IO 








> 5V 


35 








i«t 


33 


16 




32 


17 




30 


19 




29 


20 




27 


22 




26 




23 











t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



logic diagram (positive logic) 
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1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
2B1 

2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 
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To Seven Other Channels 



2DIR 



2A1 



24 



36 




25 



20E 



13 



2B1 



To Seven Other Channels 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT16245 96 mA 

SN74LVT16245 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT16245 48 mA 

SN74LVT16245 64 mA 

Input clamp current, l|K (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vcc- 



recommended operating conditions 







SN54LVT16245 


SN74LVT16245 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


24 


32 


mA 


lOL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



* Current duty cycle < 50%, f > 1 kHz 



PRODUCT PREVIEW information concerns products in the formative or 

design phase of development. Characteristic data and other W arn 

specifications are design goals. Texas Instruments reserves the right to wVW TrvA 

change or discontinue these products without notice. \j I rVX/V^ 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT16245 


SN74LVT16245 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


V C C = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


V C C = MIN to MAX*, Iqh = -1 00 \iA 


Vcc-0.2 


Vcc-0.2 


V 


V C C = 2.7V, l 0 H = -8mA 


2.4 


2.4 


V C C = 3V, l 0 H = -24mA 


2 




V C C = 3V, l 0 H=-32mA 




2 


v OL 


Vcc = 2.7V, Iol = 100|xA 


0.2 


0.2 


V 


Vcc = 2.7 V, Iql = 24 mA 


0.5 


0.5 


VcC = 3V, loL=16mA 


0.4 


0.4 


Vcc = 3 V, Iol = 32 mA 


Q.5 


0.5 


Vcc = 3 V, loL = 48mA 


0.55 




Vcc = 3 V, Iql = 64 mA 




0.55 


"I 


Vcc = 3.6 V, V| = Vcc or GND 


Control pins 




±1 


uA 


Vcc = 0 or MAX*, V| = 5.5V 


10 


10 


V C C = 3.6 V, V| = 5.5 V 


A or B ports§ 


> 20 


20 


V C C = 3.6 V, V| = V C C 




1 


V C C = 3.6 V, V| = 0 


< -5 


-5 


'off 


Vcc = 0, V|orVo = 0to4.5V 




±100 


uA 


'l(hold) 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


"A 


V| = 2V 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vo = 3V 


1 


1 




'OZL 


Vcc = 3.6 V, V 0 = 0.5 V 


-1 


-1 


uA 


•cc 


V C C = 3.6 V, l O = 0, 
V| = V C c or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.19 


0.19 


AlGC 11 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3VorO 


4 


4 


pF 


Qo 


Vq = 3 V or 0 


11 


11 


PF 



t All typical values are at Vcc = 3 -3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVT16245, SN74LVT16245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS143A- MAY 1992 - REVISED MARCH 1993 



switching characteristics over recommended operating free-air temperature range, Cl = 50 pF 
(unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVT16245 


SN74LVT16245 


UNIT 


Vcc = 3.3 V± 0.3 V 


V C C = 2.7 V 


Vcc = 3.3 V ± 0.3 V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 


tPLH 


A or B 


Bor A 






1 2.4 4.1 


5 


ns 


tPHL 






1 2.3 4.1 


5.2 


tPZH 


OE 


A or B 






1 3 5.3 


6.3 


ns 


tPZL 






1 3.1 5.2 


6.7 


tPHZ 


OE 


A or B 






2.7 4.6 6.4 


7.2 


ns 


tpi_z 






2.6 4.3 5.8 


6.1 



t All typical values are at Vcc = 3 3 v > T A = 25 ° c - 
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SN54LVT16245, SN74LVT16245 
3.3-VABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 43A - MAY 1 992 - REVISED MARCH 1 993 



PARAMETER MEASUREMENT INFORMATION 



From Output + 
Under Test 

CL = 50pF 
(see Note A) 



500 Q 

-AA/V— - 



500 Q 



S1, 



p 6V 
O Open 

9 GND 



TEST 


S1 


tPLH^PHL 
tp LZ /tpzL 
tPHZ^PZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR OUTPUTS 



Input 1 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



2.7 V 



0V 



Data Input 



i 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
0V 



Input 
(see Note B) 



Output 



Output 



2.7 V 

ov 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Waveform 1 
S1 at6V 
(see Note C) 

Output 
Waveform 2 
S1 at GND 
(see Note C) 



2.7 V 
0V 



*PZL-+| k- | 

\l.5V \S 

i tpHz->i k- 

tpZH ">l ^~ ] 

y^7~^ r ^ voh 



3V 



vol 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zrj = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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SN54LVT16373, SN74LVT16373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS144- MAY 1992- REVISED NOVEMBER 1992 



I • State-of-the-Art Advanced BiCMOS 
I Technology (ABT) Design for 3.3-V 
I Operation and Low-Static Power 
I Dissipation 

[ • Member of the Texas Instruments 
Widebus™ Family 

• Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

• Supports Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 3.3 V, T A = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard J ESD- 17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Distributed Vqq and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 

description 

The 'LVT16373 is a 16-bit transparent D-type latch with 3-state outputs designed for low-voltage (3.3-V) Vqq 
operation, but with the capability to provide a TTL interface to a 5-V system environment. It is particularly suitable 
for implementing buffer registers, I/O ports, bidirectional bus drivers, and working registers. 

The device can be used as two 8-bit latches or one 16-bit latch. When the latch-enable (LE) input is high, the 
Q outputs follow the data (D) inputs. When LE is taken low, the Q outputs are latched at the levels set up at the 
D inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

The output-enable (OE) input does not affect internal operations of the latch. Old data can be retained or new 
data can be entered while the outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 



SN54LVT16373 ... WD PACKAGE 
SN74LVT16373 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10E[ 1 
1Q1 [ 2 
1Q2[ 3 
GND [4 
1Q3[ 5 
1Q4[ 6 

Vcct? 
1Q5[ 8 
1Q6[ 9 

gnd[ 10 
1Q7[ 11 
1Q8[ 12 
2Q1 [ 13 
2Q2 [ 14 
GND[ 15 
2Q3[ 16 
2Q4[ 17 
V cc [ 18 
2Q5[ 19 
2Q6 [ 20 
GND [ 21 
2Q7 [ 22 
2Q8 [ 23 
20E[ 24 



]1LE 
] 1D1 
] 1D2 

]gnd 

] 1D3 
] 1D4 

]v cc 

41 P 1D5 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 



] 1D6 
] GND 
] 1D7 
3 1D8 
]2D1 
]2D2 
]GND 
]2D3 
]2D4 

]v cc 

J2D5 
]2D6 

]gnd 

]2D7 
]2D8 
]2LE 



Widebus is a trademark of Texas Instruments Incorporated. 
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SN54LVT1 6373, SN74LVT1 6373 

3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS144 - MAY 1992 - REVISED NOVEMBER 1992 



description (continued) 

The SN74LVT1 6373 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin count 
and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54LVT1 6373 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT1 6373 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 8-bit section) 



logic symbolt 



10E 
1LE 
20E 
2LE 

1D1 
1D2 
1D3 
1D4 
1D5 
1D6 
1D7 
1D8 
2D1 
2D2 
2D3 
2D4 
2D5 
2D6 
2D7 
2D8 



INPUTS 


OUTPUT 
Q 


OE 


LE 


D 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


z 



1 IS 


1EN 


2 


48 


24 rs 


C3 

2EN 

C4 

h r 


25 


47 


3D 1 V 


46 


3 




44 




5 




43 




6 




41 




8 




40 




9 




38 




11 




37 




12 




36 




13 


4D 2 V 


35 


14 




33 




16 




32 




17 




30 




"•9 




29 




20 




27 




22 




26 




23 











logic diagram (positive logic) 



10E 



1D1 



47 



1Q1 
1Q2 
1Q3 
1Q4 
1Q5 
1Q6 
1Q7 
1Q8 
2Q1 
2Q2 
2Q3 
2Q4 
2Q5 
2Q6 
2Q7 
2Q8 



1Q1 



To Seven Other Channels 



20E 



2LE 



On 



2D1 



36 



2Q1 



v 

To Seven Other Channels 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
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SN54LVT16373, SN74LVT16373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS144 - MAY 1992 - REVISED NOVEMBER 1992 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 4.6 V 

Input voltage range, Vj (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, \q\ SN54LVT16373 96 mA 

SN74LVT16373 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT16373 48 mA 

SN74LVT16373 64 mA 

Input clamp current, Iik (V| < 0) -50 mA 

Output clamp current, Iqk < 0). "50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°Cto150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vcc- 



recommended operating conditions 







SN54LVT16373 


SN74LVT16373 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


24 


32 


mA 


"OL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



$ Current duty cycle < 50%, f > 1 kHz 
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SN54LVT16373, SN74LVT16373 

3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS144-MAY 1992- REVISED NOVEMBER 1992 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT16373 


SN74LVT16373 


UNIT 


MIN MAX 


MIN MAX 


V|K 


Vcc = 2.7V, l| = -18mA 


-1.2 


-1-2 


V 


VOH 


V C C = MIN to MAX*, Ioh = -100|iA 


Vcc-0.2 


Vcc-0.2 


V 


V C C = 2.7V, l 0 H = -8mA 


2.4 


2.4 


V C C = 3V, l 0 H = -24mA 


2 




Vcc = 3V, l 0 H = -32mA 




2 


vol 


V CC = 2.7V, l O L=100^A 


0.2 


0.2 


V 


Vqc = 2.7 V, Iol = 24 mA 


0.5 


0.5 


Vcc = 3V, loL=">6mA 


0.4 


0.4 


Vcc = 3V, loL = 32mA 


0.5 


0.5 


Vcc = 3V, loL = 48mA 


0.55 




VcC = 3V, l0L = 64mA 




0.55 


"i 


V C C = 0orMAXt, V| = 5.5V 


10 


10 


uA 


Vqc = 3.6 V, V| = Vqc c GND 


Control pins 


±1 


±1 


V C C = 3.6V, V| = V C C 


Data pins 


1 


1 


Vcc = 3.6 V, V| = 0 


-5 


-5 


"off 


Vcc = 0. V|orVo = 0to4.5V 




±100 


liA 


h(hold) 


V C C = 3V 


V| = 0.8 V 


Data inputs 


75 


75 


uA 


V| = 2V 


-75 


-75 


'OZH 


V C C = 3.6 V, V 0 = 3V 


5 


5 


uA 


'OZL 


V C C = 3.6 V, V O = 0.5V 


-5 


-5 


uA . 


•cc 


V C C = 3.6 V, 'O = 0, 
V| = Vcc o r GND 


Outputs high 


0.1 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.1 


0.1 


AlcC § 


Vcc = 3 V to 3.6 V, One input at Vcc - 0-6 V, 
Other inputs at Vcc or 


0.2 


0.2 


mA 


Cj 


V| = 3VorO 






pF 


Co 


VQ = 3VorO 






PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVT16374, SN74LVT16374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 



SCBS145 - MAY 1992 - REVISED JULY 1993 



• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• Member of the Texas Instruments 
Widebus™ Family 

• Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

• Supports Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 3.3 V, T A = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 

(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Distributed Vqc and GND Pm Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54LVT16374 ... WD PACKAGE 
SN74LVT16374 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10E[ 
1Q1 [ 
1Q2[ 

gnd[ 

1Q3[ 
1Q4[ 

Vcct 

1Q5[ 
1Q6[ 

GND[ 10 
1Q7[ 11 
1Q8[ 12 
2Q1 [ 13 
2Q2 [ 14 

GND [ 15 
2Q3[ 16 
2Q4[ 17 
V CC [ 18 
2Q5[ 19 
2Q6 [ 20 

GND [ 21 
2Q7 [ 22 
2Q8[ 23 
20E[ 24 



48 ] 1CLK 
47 ] 1D1 
46 ] 1D2 
45 ] GND 
44 ] 1D3 
43 ] 1D4 
42 ] V CC 
41 ] 1D5 
40 ] 1D6 
39 ] GND 
38 ] 1D7 
37 ] 1D8 
36 ] 2D1 
35 ] 2D2 
34 ] GND 
33 ] 2D3 
32 ] 2D4 
31 ] V CC 
30 ] 2D5 
29 ] 2D6 
28 ] GND 
27 ] 2D7 
26 ] 2D8 
25 ] 2CLK 



description 

The 'LVT1 6374 is a 1 6-bit edge-triggered D-type flip-flop with 3-state outputs designed for low-voltage (3.3-V) 
Vcc operation, but with the capability to provide a TTL interface to a 5-V system environment. It is particularly 
suitable for implementing buffer registers, I/O ports, bidirectional bus drivers, and working registers. 

The 'LVT16374 can be used as two 8-bit flip-flops or one 16-bit flip-flop. On the positive transition of the clock 
(CLK), the Q outputs of the flip-flop take on the logic levels set up at the D inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

The output-enable (OE) input does not affect internal operations of the flip-flop. Old data can be retained or new 
data can be entered while the outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT1 6374 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin count 
and functionality of standard small-outline packages in the same printed-circuit-board area. 

Widebus is a trademark of Texas Instruments Incorporated. 

Copyright © 1993, Texas Instruments Incorporated 
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SN54LVT16374, SN74LVT16374 

3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS1 45 - MAY 1992 - REVISED JULY 1993 



description (continued) 

The SN54LVT1 6374 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT1 6374 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each flip-flop) 



logic symbolt 



10E 
1CLK 

20E 
2CLK 

1D1 
1D2 
1D3 
1D4 
1D5 
1D6 
1D7 
1D8 
2D1 
2D2 
2D3 
2D4 
2D5 
2D6 
2D7 
2D8 



INPUTS 


OUTPUT 
Q 


OE 


CLK 


D 


L 


t 


H 


H 


L 


T 


L 


L 


L 


HorL 


X 


Qo 


H 


X 


X 


z 



1 rv 


1EN 

> C1 
2EN 

> C2 

4 r 


2 


48 


24 rs 


25 


47 


1D 1 V 


46 


3 




44 




5 




43 




6 




41 


8 




40 




9 




38 




11 




37 


12 




36 




13 


2D 2 V 


35 


14 




33 




16 




32 




17 




30 




19 




29 


20 




27 




22 




26 




23 











logic diagram (positive logic) 



10E 



1CLK 



48 



1D1 



47 



1Q1 
1Q2 
1Q3 
1Q4 
1Q5 
1Q6 
1Q7 
1Q8 
2Q1 
2Q2 
2Q3 
2Q4 
2Q5 
2Q6 
2Q7 
2Q8 



>C1 IN. 2 

1D 



1Q1 



v 

To Seven Other Channels 



20E 



24 



2CLK 



25 



2D1 



36 



t>-i 



2Q1 



V 

To Seven Other Channels 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 
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SN54LVT16374, SN74LVT16374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS1 45 - MAY 1 992 - REVISED JULY 1 993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc ~ 0 - 5 v t0 4 6 v 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT16374 96 mA 

SN74LVT16374 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT16374 48 mA 

SN74LVT16374 64 mA 

Input clamp current, l|K ( v l < °) -50 mA 

Output clamp current, Iqk ( v o < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT16374 


SN74LVT16374 


UNIT 






MIN MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 


24 


32 


mA 


lOL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


10 


10 


ns/V 




Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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SN54LVT1 6374, SN74LVT1 6374 

3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS1 45 - MAY 1 992 - REVISED JULY 1993 . 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT16374 


SN74LVT16374 


UNIT 


MIN MAX 


MIN MAX 


V|K 


Vcc = 2.7V, , l|=-18mA 


-1.2 


-1.2 


V 


V 0H 


Vcc = MIN to MAX*, Ioh = -100 mA 


VcC-0.2 


VCC-0.2 


V 


V C C = 2.7V, l 0 H = -8mA 


2.4 


2.4 


Vcc = 3V, l 0 H=-24mA 


2 




V C C = 3V, l 0 H = -32mA 




2 


vol 


V C C = 2.7 V, l O L=100^A 


0.2 


0.2 


V 


Vcc = 2.7 V, l0L = 24mA 


0,5 


0.5 


Vcc = 3V, loL=16mA 


0.4 


0.4 


VcC = 3V, l0L = 32mA 


0.5 


0.5 


VcC = 3V, lQL = 48mA 


0.55 




VcC = 3V, loL = 64mA 




0.55 


h 


Vcc = 0 or MAX*, V| = 5.5 V 


10 


10 




Vcc = 3.6 V, V| = V C C or GND 


Control pins 


±1 


±1 


V C C = 3.6 V, V,=V C C 


Data pins 


1 


1 


Vcc = 3.6 V, V| = 0 


-5 


-5 


•off 


VCC = 0, V|orVo = 0to4.5V 




±100 


ma 


'l(hold) 


V C C = 3V 


V| = 0.8 V 


Data inputs 


75 


75 




V| = 2 V 


-75 


-75 


'OZH 


V C C = 3.6V, V 0 = 3V 


5 


5 


ma 


»OZL 


Vcc = 3.6 V, V O = 0.5V 


-5 


-5 




'cc 


VCC = 3.6 V, »O = 0, 
V| = Vcc o r G ND 


Outputs high 


0.1 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.1 


0.1 


AI C C § 


Vcc - 3 V to 3.6 V, One input at Vcc ~ °- 6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3VorO 






PF 


Co 


Vq = 3 V or 0 






PF 



t All typical values are ai Vcc = 3.3 V, T/v = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or G ND - 
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SN54LVT1 6500, SN74LVT1 6500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS146 - MAY 1992 - REVISED JULY 1993 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Member of the Texas Instruments 
Widebus™ Family 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-1 7 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54LVT16500 ... WD PACKAGE 
SN74LVT16500 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



[1 u 


56 


]GND 


[2 


55 


] CLKAB 


[3 


54 


]B1 


[4 


53 


]gnd 


[5 


52 


] B2 


[a 


51 


] B3 


[7 


50 


Wcc 


[8 


49 


]B4 


[9 


48 


] B5 


[10 


47 


]B6 


[11 


46 


]gnd 


[12 


45 


]B7 


[13 


44 


] B8 


[14 


43 


]B9 


[15 


42 


]B10 


[16 


41 


] B11 


[17 


40 


] B12 


[18 


39 


]GND 


[19 


38 


]B13 


[ 20 


37 


]B14 


[21 


36 


]B15 


[ 22 


35 


]v cc 


[ 23 


34 


]B16 


[24 


33 


] B17 


[25 


32 


]GND 


[ 26 


31 


]B18 


[27 


30 


] CLKBA 


[ 28 


29 


] GND 



description 



The 'LVT16500 is an 18-bit universal bus transceiver designed for low-voltage (3.3-V) Vqc operation, but with 
the capability to provide a TTL interface to a 5-V system environment. 



Data flow i n each d irec tion is co ntrolled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data fl ow, the d evice operates in the transparent mode when 
LEAB is high. When LEAB is low, the A data is latched if CLKAB is held at a hi gh or low logic level. If LEAB is 
low, the A-bus data is stored in the latch/flip-flop on the high-to-low transition of CLKAB. Output-enable OEAB 
is active high. When OEAB is high, the B-port outputs are active. When OEAB is low, the B-port outputs are in 
the high-impedance state. 



Data flow for B to A is similar to that of A to B bu t uses OEBA, LEBA, and CLKBA. The output enables are 
complementary (OEAB is active high, and OEBA is active low). 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

Widebus and UBT are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVT1 6500, SN74LVT1 6500 

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS1 46 - MAY 1 992 - REVISED JULY 1 993 J 



description (continued) 

The SN74LVT16500 is available in TPs shrink small-outline package (DL), which provides twice the I/O pin count 
and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SM54LVT16500 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT1 6500 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLEt 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKAB 


A 


B 


L 


X 


X 


X 


Z 


H 


H 


X 


L 


L 


H 


H 


X 


H 


H 


H 


L 


1 


L 


L 


H 


L 


I 


H 


H 


H 


L 


H 


X 


B 0 * 


H 


L 


L 


X 


B 0 § 



t A-to- B data flow is sho wn: B-to -A flow is similar but 
uses OEBA, LEBA, and CLKBA. 



t Output level before the indicated steady-state input 

conditions were established. 
§ Output level before the indicated steady-sta te input 

conditions were established, provided that CLKAB 

was low before LEAB went low. 
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SN54LVT16500, SN74LVT16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS1 46 - MAY 1 992 - REVISED JULY 1 993 



logic symbolt 



OEAB 
CLKAB 
LEAB 



OEBA 
CLKBA 
LEBA 



A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 
A18 



55 



27 



30 



28 



EN1 

> 2C3 
C3 
G2 

EN4 

> 5C6 
C6 
G5 



3 


3D 1 1V 


54 




T 

52 


4V 1 6D 


5 




6 


51 




8 


49 




9 


48 




10 


47 




12 


45 




13 


44 




14 


43 




15 


42 




16 


41 




17 


40 




19 


38 




20 


37 




21 


36 




23 


34 




24 


33 




26 


31 









B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

B10 

B11 

B12 

B13 

B14 

B15 

B16 

B17 

B18 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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SN54LVT16500, SN74LVT16500 

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 



SCBS146 - MAY 1992 - REVISED JULY 1993 



logic diagram (positive logic) 

H> 



OEAB 



CLKBA 



LEBA 



30 



28 



OEBA 



CLKAB 



LEAB 



J H>i 



A1 



C1 
1D 



C1 
1D 



C1 



1D 



C1 



1D 



—CEz 



To 1 7 Other Channels 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc v t0 4 -6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT16500 96 mA 

SN74LVT16500 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT16500 48 mA 

SN74LVT16500 64mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 1 W 

DL package 1 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > V CC- 
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SN54LVT16500, SN74LVT16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 



recommended operating conditions 







SN54LVT16500 


SN74LVT16500 


UNIT 






MIN 


MAX 


MIN 


MAX 


V CC 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V IH 


High-level input voltage 


2 


2 


y 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


"OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


24 


32 


mA 


"OL T 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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SN54LVT16500, SN74LVT16500 

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS1 46 - MAY 1 992 - REVISED JULY 1 993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT16500 


SN74LVT16500 


UNIT 


MIN MAX 


MIN MAX 


V| K 


Vcc = 2.7V, l|=-18mA 


-1.2 


-1.2 


V 


V 0 H 


Vqc = MIN to MAX*, Ioh = - 1 00^ a 


Vrr-0.2 


Vrr-0.2 


V 


Vcc = 2.7 V, Ioh =-8mA 


2.4 


2.4 


VcC=3V, l 0 H=-24mA 


2 




V C C = 3 V, l 0 H = -32mA 




> 2 


vol 


V C C = 2.7 y, Iol=100^iA 


0.2 


0.2 


V 


Vcc = 2.7 V, loL = 24mA 


0.5 


0.5 


Vcc = 3V, loL = 16mA 


0.4 


0.4 


Vcc = 3 V, Iol = 32 mA 


0.5 


0.5 


Vcc = 3 V Iql = 48 mA 


0.55 




Vcc = 3 V, Iql = 64 mA 




0.55 


ii 


V C C = 3.6 V, V| = V C C or GND 


Control pins 


±1 


±1 


uA 


V C C = 0 or MAX*, V| = 5.5 V 


10 


10 


V C C = 3.6 V, V| = 5.5 V 


A or B ports§ 


20 


20 


V C C = 3.6 V, V| = V C C 


1 


1 


Vcc = 3-6 V, V| = 0 


-5 


-5 


'off 


VCC = °. v | or Vq = 0 to 4.5 V 




-4- 1 nn 


ii A 

U.A 


'l(hold) 


V C C = 3V 


V| = 0.8V 


A or B ports 


75 


75 


HA 


V| = 2 V 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vo = 3V 


1 


1 


uA 


'OZL 


V C C = 3.6 V, Vq = 0.5V 


-1 


-1 


^lA 


'cc 


V C C = 3.6 V, IO = 0, 
V| = V C corGND 


Outputs high 


0.1 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.1 


0.1 


Alec 11 


Vcc = 3 V to 3.6 V, One input at Vcc - °- 6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 






PF 




V 0 = 3 V or 0 






PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or ^ ND 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVT16501, SN74LVT16501 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS147 - MAY 1992 - REVISED JULY 1993 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Member of the Texas Instruments 
Widebus™ Family 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

Distributed Vcc and GND pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54LVT16501 ... WD PACKAGE 
SN74LVT16501 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



description 



OEAB 


[ 


1 


n — 

56 


]GND 


LEAB 


[ 


2 


55 


] CLKAB 


A1 


[ 


3 


54 


]B1 


GND 


[ 


4 


53 


]gnd 


A2 


[ 


5 


52 


] B2 


A3 


[ 


6 


51 


] B3 


v C c 


[ 




50 


]v C c 


A4 


[ 


8 


49 


]B4 


A5 


[ 


9 


48 


]B5 


A6 


[ 


10 


47 


]B6 


GND 


[ 


11 


46 


]gnd 


A7 


[ 


12 


45 


]B7 


A8 


[ 


13 


.44 


] B8 


A9 


[ 


14 


43 


]B9 


A10 




15 


42 


] B10 


A11 




16 


41 


]B11 


A12 




17 


40 


] B12 


GND 




18 


39 


]GND 


A13 




19 


38 


] B13 


A14 




20 


37 


]B14 


A15 




21 


36 


] B15 


Vcc 




22 


35 


]v cc 


A16 




23 


34 


]B16 


A17 




24 


33 


] B17 


GND 




25 


32 


]GND 


A18 




26 


31 


]B18 


OEBA 


[ 


27 


30 


] CLKBA 


LEBA 


[ 


28 


29 


] GND 



The 'LVT16501 is an 18-bit universal bus transceiver designed for low-voltage (3.3-V) Vcc operation, but with 
the capability to provide a TTL interface to a 5-V system environment. 



Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when 
LEAB is high. When LEAB is low, the A data is latched if CLKAB is held at a high or low logic level. If LEAB is 
low, the A-bus data is stored in the latch/flip-flop on the low-to-high transition of CLKAB. When OEAB is high, 
the outputs are active. When OEAB is low, the outputs are in the high-impedance state. 



Data flow for B to A is similar to that of A to B bu t uses OEBA, LEBA, and CLKBA. The output enables are 
complementary (OEAB is active high, and OEBA is active low). 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 



Widebus and UBT are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVT16501, SN74LVT16501 

3.3- V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS147 - MAY 1992 - REVISED JULY 1993 



description (continued) 

The SN74LVT1 6501 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin count 
and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54LVT1 6501 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT1 6501 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLEt 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKAB 


A 


B 


L 


X 


X 


X 


Z 


H 


H 


X 


L 


L 


H 


H 


X 


H 


H 


H 


L 


t 


L 


L 


H 


L 


T 


H 


H 


H 


L 


H 


X 


B 0 * 


H 


L 


L 


X 


B 0 § 



t A-to- B data flow is shown: B-to-A flow is similar but 

uses OEBA, LEBA, and CLKBA. 
$ Output level before the indicated steady-state input 

conditions were established, provided that CLKAB 

was high before LEAB went low. 
§ Output level before the indicated steady-state input 

conditions were established. 
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SN54LVT1 6501 , SN74LVT1 6501 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS147 - MAY 1992 - REVISED JULY 1993 



logic symbolt 



OEAB 
CLKAB 
LEAB 



OEBA 
CLKBA 
LEBA 

A1 

A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 
A18 



55 



27 



30 



28 



EN1 

> 2C3 
C3 
G2 

EN4 

> 5C6 
C6 
G5 



3 


3D 1 1V 


54 

• 




-M — I 


4V 1 6D 


5 


52 




6 


51 




4-> — 

8 


— 4-> 

49 




9 


48 




10 


47 




12 


45 




13 


44 




14 


43 




15 


42 




16 


41 




17 


40 




19 


38 




20 


37 




21 


36 




23 


34 




24 


33 




26 


31 









B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

B10 

B11 

B12 

B13 

B14 

B15 

B16 

B17 

B18 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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SN54LVT1 6501 , SN74LVT1 6501 

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS1 47 - MAY 1 992 - REVISED JULY 1 993 



logic diagram (positive logic) 

H> 

t> 



OEAB 
CLKBA -3<L 



LEBA 



OEBA 



CLKAB 



LEAB 



> 



A1 



C1 
1D 



C1 
1D 



C1 
1D 



C1 



1D 



54 



B1 



To 17 Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Current into any output in the low state, lo: SN54LVT16501 96 mA 

SN74LVT16501 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT16501 48 mA 

SN74LVT16501 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (^o < 0) -50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package . . 1 W 

DL package 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 
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SN54LVT16501, SN74LVT16501 
3.3- V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS1 47 - MAY 1 992 - REVISED JULY 1 993 



recommended operating conditions 









SN54LVT16501 


SN74LVT16501 


UNIT 








MIN MAX 


MIN 


MAX 


Vcc 


Supply voltage 




2.7 3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


'OH 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 


JL 


24 


32 


mA 


IOI_T 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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SN54LVT16501, SN74LVT16501 

3.3- V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS147 - MAY 1992 - REVISED JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT16501 


SN74LVT16501 


UNIT 


MIN MAX 


MIN MAX 


V|K 


Vcc = 2.7V, l| = -18mA 


-1-2 


-1.2 


V 


VOH 


Vcc = MIN to MAX*, Ioh = -1 00 HA 


VcC-0.2 


VcC-0.2 


V 


Vcc = 2.7V, l 0 H = -8mA 


2,4 


2.4 


V C C = 3V, l 0 H = -24mA 


2 




Vcc = 3 V, l 0 H = -32mA 




2 


vol 


Vcc = 2.7 V, Iol=100jxA 


0.2 


0.2 


V 


V C C = 2.7 V, loL = 24mA 


0.5 


0.5 


VCC = 3 V, l0L=16mA 


0.4 


0.4 


Vcc = 3 V, Iql = 32 mA 


0.5 


0.5 


Vcc = 3 V, Iol = 48 mA 


0.55 




VcC = 3V, Iql = 64 mA 




0.55 


. "I 


Vcc = 3-6 V, V| - Vcc or G« ND 


Control pins 


±1 


±1 




Vcc = 0 or MAX*, V| = 5.5 V 


10 


10 


Vcc = 3.6 V, V| = 5.5 V 


A or B ports§ 


20 


20 


V C C = 3.6 V, V| = V C C 


1 


1 


Vcc = 3.6 V, V| = 0 


-5 


-5 


'off 


Vcc = 0, V| or Vq = 0 to 4.5 V 




±100 


^A 


'l(hold) 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


HA 


V| = 2V 


— fO 


— fO 


'OZH 


V C C = 3.6 V, Vo = 3 V 


i 

1 


1 


ii A 

U.A 


'OZL 


Vcc = 3.6 V, V O = 0.5V 


_1 




liA 


'cc 


V C C = 3.6 V, l O = 0, 
V| = V C c or GND 


Outputs high 


0.1 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.1 


0.1 


Alec 11 


Vcc = 3 V to 3.6 V, One input at Vcc ~ 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Ci 


V| = 3VorO 






PF 




Vq = 3 V or 0 






pF 



t All typical values are at Vcc = 3 -3 V, TX = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

11 This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVT16543, SN74LVT16543 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



SCBS148- MAY 1992 - REVISED JULY 1993 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Member of the Texas Instruments 
Widebus™ Family 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V CC = 3.3 V, T A = 25°C 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 
Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54LVT16543 ... WD PACKAGE 
SN74LVT16543 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10EAB 



1LEAB 
1CEAB 
GND 
1A1 
1A2 

Vcc 
1A3 

1A4 

1A5 

GND 
1A6 
1A7 
1A8 
2A1 
2A2 
2A3 

GND 
2A4 
2A5 
2A6 

Vcc 

2A7 
2A8 
GND 



2CEAB 



2LEAB 
20EAB 



56 ] 1 QEBA 
55 ] 1LEBA 
54 ] 1CEBA 
53 ] GND 
52 ] 1B1 
51 ] 1B2 
50 ] V cc 
49 ] 1B3 
48 ] 1B4 
47 ] 1B5 
46 ] GND 
45 ] 1B6 
44 ] 1B7 
43 ] 1B8 
42 ] 2B1 
41 ] 2B2» 
40 ] 2B3 
39] GND 
38 ] 2B4 
37 ] 2B5 
36 ] 2B6 
35]V CC 
34 ] 2B7 
33 ] 2B8 
32 ] GND 
31 ] 2 CEBA 
30]2 LEBA 
29 ]20EBA 



description 



The 'LVT16543 is a 16-bit registered transceiver designed for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system enviro nment. T he dev ice can be used as two 8- bit 
transce ivers or one 1 6-bit transceiver. Separate latch-enable (LEAB or LEBA) and output-enable (OEAB or 
OEBA) inputs are provided for each register to permit independent control in either direction of data flow. 



The A-t o-B ena ble (CEAB) input must be low in order to enter data from A or to output data fro m B. If CEAB is 
low and LEAB is low, the A-to-B latc hes are tra nspare nt; a subsequent low-to-high transition of LEAB puts the 
A latches in the storage mode. With CEAB and OEAB both low, the 3-state B outputs are active and ref l ect the 
data prese nt at the output of the A latches. Data flow from B to A is similar but requires using the CEBA, LEBA, 
and OEBA inputs. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT16543 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin count 
and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54LVT16543 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT1 6543 is characterized for operation from -40°C to 85°C. 



Widebus is a trademark of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1993, Texas Instruments Incorporated 

design phase of development. Characteristic data and other W arn 

specifications are design goals. Texas Instruments reserves the right to wV9 Tfva f 

change or discontinue these products without notice. ltlYV/Yo 
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SN54LVT16543, SN74LVT16543 

3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 



SCBS1 48 - MAY 1 992 - REVISED JULY 1 993 



logic symbolt 



10EBA 



1CEBA 



1LEBA 
10EAB 



1CEAB 



1LEAB 
20EBA 



2CEBA 



2LEBA 
20EAB 



2CEAB 



2LEAB 
1A1 

1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
2A1 

2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



56 



54 



55 



29 



31 



30 



28 



26 



27 



10 



12 



13 



14 



15 



16 



17 



19 



20 



21 



23 



24 



1EN3 
G1 
1C5 
2EN4 
G2 
2C6 
7EN9 
G7 
7C11 
8EN10 
G8 
8C12 
P 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



V3 



6D 



V9 



12D 



5D 



4V 



11D 



10V 



52 



51 



49 



48 



47 



45 



44 



43 



42 



41 



40 



38 



37 



36 



34 



33 



1B1 

1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
2B1 

2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 
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SN54LVT16543, SN74LVT16543 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



SCBS148 - MAY 1992 - REVISED JULY 1993 



logic diagram (positive logic) 

10EBA 56 
1CEBA 
1LEBA 




10EAB 



1CEAB 



1LEAB 



1A1 



20EBA 



2CEBA 



2LEBA 



20EAB 



2CEAB 



2LEAB 



2A1 




_1£ 



C1 
1D 



C1 
1D 



V 

To Seven Other Channels 



C1 
1D 



C1 
1D 



v 

To Seven Other Channels 



4 ► 52 1B1 



LLJ 

> 
LU 

CC 
Q. 

h- 
O 
D 
Q 

O 
CC 
Q_ 



42 

« ► 2B1 
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SN54LVT16543, SN74LVT16543 

3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS1 48 - MAY 1 992 - REVISED JULY 1 993 



FUNCTION TABLET 
(each 8-bit section) 



INPUTS 


OUTPUT 


CEAB 


LEAB 


OEAB 


A 


B 


H 


X 


X 


X 


Z 


X 


X 


H 


X 


z 


L 


H 


L 


X 




L 


L 


L 


L 


L 


L 


L 


L 


H 


H 



t A-to-B data flow is show n; B-to-A flow c ontr ol is the 
same except that it uses CEBA, LEBA, and OEBA. 

t Output level before the indicated steady-state input 
conditions were established. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)§ 



Supply voltage range, Vqc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Current into any output in the low state, \q\ SN54LVT16543 96 mA 

SN74LVT16543 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT16543 ... 48 mA 

SN74LVT16543 64mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 1 W 

DL package . . . 1 W 

Storage temperature range -65°C to 150°C 



§ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT16543 


SN74LVT16543 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


»OL 


Low-level output current 


24 


32 


mA 


loiJ 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



H Current duty cycle < 50%, f a 1 kHz 
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SN54LVT16543, SN74LVT16543 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 48 - MAY 1 992 - REVISED JULY 1 993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT16543 


SN74LVT16543 


UNIT 


MIN MAX 


MIN MAX 


V|K 


Vqq = 2.7 V, l| = -18 mA 


-1.2 


-1.2 


V 


VOH 


Vcc = MIN to MAX*, Iqh = -1 °0 |iA 


Vrr-0 2 


Vrr-0 2 


V 


Vrr = 2 7 V Inn = - 8 mA 


2.4 


2.4 


V C C = 3V, l 0 H=-24mA 


2 




V C C = 3 V, "OH = "32 mA 




2 


vol 


V C C = 2.7 V, l O L = 100^A 


0.2 


0.2 


V 


V C c = 2.7 V, Iql = 24 mA 


0.5 


0.5 


Vcc = 3V, Iql = 16 mA 


0.4 


0.4 


Vcc = 3 V, Iql = 32 mA 


0.5 


0.5 


Vcc = 3 V, Iql = 48 mA 


0.55 




Vcc = 3 V, Iql = 64 mA 




0.55 


ii 


V C C = 3.6 V, V| = V C C or GND 


Control pins 


±1 


±1 


uA 


Vcc = 0 or MAX*, V| = 5.5 V 


10 


10 


VCC = 3-6 V, V| = 5.5V 


A or B ports§ 


20 


20 


V C C = 3-6 V, V| = V C C 


1 


1 


VCC = 3-6 V, V| = 0 


-5 


-5 


'off 


Vcc = °> v | or Vq = 0 to 4.5 V 




± 1 00 


U.A 


hfhokft 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


uA 


V| = 2 V 


-75 


-75 


lOZH 


Vcc = 3.6 V, Vo = 3 V 


1 


1 




'OZL 


Vcc = 3-6 V, Vq = 0.5 V 


-1 


-1 




'cc 


V C C = 3.6 V, l O = 0, 
V| = Vcc or GND 


Outputs high 


0.1 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.1 


0.1 


AlcC 11 


Vcc = 3 V to 3.6 V, One input at Vcc ~ 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 






pF 




V 0 = 3 V or 0 






pF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

HThis is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVT16646, SN74LVT16646 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS149 - MAY 1992 - REVISED JULY 1993 



I • State-of-the-Art Advanced BiCMOS 
I Technology (ABT) Design for 3.3-V 
I Operation and Low-Static Power 
I Dissipation 

[ • Member of the Texas Instruments 
Widebus™ Family 

• Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

• Supports Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 3.3 V, T A = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Distributed Vcc and GND pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 

description 

The 'LVT1 6646 is a 1 6-bit bus transceiver designed for low-voltage (3.3-V) Vcc operation, but with the capability 
to provide a TTL interface to a 5-V system environment. 

The device can be used as two 8-bit transceivers or one 1 6-bit transceiver. Data on the A or B bus is clocked 
into the registers on the low-to-high transition of the appropriate clock (CLKAB or CLKBA) input. Figure 1 
illustrates the four fundamental bus-management functions that can be performed with the 'LVT1 6646. 

Output-enable (OE) and direction-control (DIR) inputs are provided to control the transceiver functions. In the 
transceiver mode, data present at the high-impedance port may be stored in either register or in both. The 
select-control (SAB and SBA) inputs can multiplex stored and real-time (transparent mode) data. The circuitry 
used for select control eliminates the typical decoding glitch that occurs in a multiplexer during the transition 
between stored and real-time data. The direction control (DIR) determines which bus receives data when OE 
is low. In the isolation mode (OE high), A data may be stored in one register and/or B data may be stored in the 
other register. 

When an output function is disabled, the input function is still enabled and may be used to store and transmit 
data. Only one of the two buses, A or B, may be driven at a time. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

Widebus is a trademark of Texas Instruments Incorporated. ■ 

Copyright © 1 993, Texas Instruments Incorporated 
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SN54LVT16646 ... WD PACKAGE 
SN74LVT16646 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



1DIR [ 


1 


56 


3 10E 


1 CLKAB [ 


2 


55 


] 1 CLKBA 


1SAB[ 


3 


54 


] 1SBA 


gnd[ 


4 


53 


]GND 


1A1 [ 


5 


52 


] 1B1 


1A2[ 


6 


51 


] 1B2 


v C c[ 


7 


50 


]v C c 


1A3[ 


8 


49 


] 1B3 


1A4[ 


9 


48 


] 1B4 


1A5[ 


10 


47 


] 1B5 


GND [ 


11 


46 


]GND 


1A6[ 


12 


45 


] 1B6 


1A7 [ 


13 


44 


] 1B7 


1A8 [ 


14 


43 


] 1B8 


2A1 [ 


15 


42 


]2B1 


2A2[ 


16 


41 


]2B2 


2A3[ 


17 


40 


]2B3 


GND [ 


18 


39 


] GND 


2A4 [ 


19 


38 


]2B4 


2A5[ 


20 


37 


]2B5 


2A6[ 


21 


36 


]2B6 


v cc [ 


22 


35 


]v cc 


2A7[ 


23 


34 


]2B7 


2A8 [ 


24 


33 


]2B8 


GND [ 


25 


32 


]GND 


2SAB[ 


26 


31 


]2SBA 


2CLKAB [ 


27 


30 


] 2CLKBA 


2DIR [ 


28 


29 


] 20E 



PRODUCT PREVIEW information concerns products in the formative or mm 
design phase of development. Characteristic data and other Jii 

specifications are design goals. Texas Instruments reserves the right to , wV9 Ttvac 

change or discontinue these products without notice. lfc,Jv/Yo 
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SN54LVT16646, SN74LVT16646 

3.3-V ABT 16-BIT BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS1 49 - MAY 1 992 - REVISED JULY 1 993 



description (continued) 

The SN74LVT1 6646 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin count 
and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54LVT16646 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT1 6646 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


X 


X 


t 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


t 


X 


X 


Unspecifiedt 


Input 


% Store B, A unspecifiedt 


H 


X 


t 


t 


X 


X 


Input 
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t The data output functions may be enabled or disabled by various signals at the OE and DIR inputs. Data input functions are always 
enabled; i.e., data at the bus pins will be stored on every low-to-high transition of the clock inputs. 
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Figure 1 . Bus-Management Functions 
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logic symbolt 
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t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc • ~ 0 - 5 v t0 4 - 6 v 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) — -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVT1 6646 96 mA 

SN74LVT16646 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT16646 — 48 mA 

SN74LVT16646 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) • ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 1 W 

DL package 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT16646 


SN74LVT16646 


UNIT 






MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


•oh 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


24 


32 


mA 


"OL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



* Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT16646 


SN74LVT16646 


UNIT 


MIN MAX 


MIN MAX 


V|K 


V C C = 2.7V, l|=-18mA 


-1.2 


-1.2 


V 


V 0H 


Vcc = MIN to MAX*, l OH = -1 00 uA 


VcC-0.2 


VcC-0.2 


V 


V CC = 2.7 V, ( 0 H=-8mA 


2.4 


2.4 


V C C = 3V, l 0 H = -24mA 


2 




Vcc = 3 V, l 0 H = -32mA 




2 


vol 


V C C = 2.7 V, l O L=100*iA 


0.2 


0.2 


V 


Vcc = 2 7 V, Iql = 24 mA 


0.5 


0.5 


Vcc = 3V, Iql = 16 mA 


0.4 


0.4 


Vcc = 3 V, Iql = 32 mA 


0.5 


0.5 


Vcc = 3 V, Iol = 48 mA 


0.55 




Vcc = 3 V, Iql = 64 mA 




0.55 


ii 


Vcc = 36 V, V| = V C CorGND 


Control pins 


±1 


±1 


PA 


Vcc = 0or MAX*, V| = 5.5 V 


10 


10 


Vcc = 3-6 V, V| = 5.5 V 


A or B ports§ 


20 


20 


V C C = 3.6 V, V, = V C C 


1 


1 


Vcc = 3.6 V, V| = 0 


-5 


-5 


•off 


Vcc = 0. V|OrV O = 0to4.5V 




±100 


HA 


'l(hold) 


V C C = 3V 


V| = 0.8V 


A or B ports 


75 


75 


HA 


V| = 2 V 


-75 


-75 


'OZH 


Vcc = 36 V, Vq = 3 V 


1 


1 


*iA 


'OZL 


Vcc = 3-6 V„ Vq = 0.5 V 


-1 


-1 


|iA 


"cc 


V C C = 3.6 V, l O = 0, 
V| = V C c orGND 


Outputs high 


0.1 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.1 


0.1 


Alec 11 


Vcc = 3 V to 3.6 V, One input at Vcc ~ 0-6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 




V| = 3VorO 






PF 




V O = 3Vor0 






PF 



t All typical values are at Vcc = 3 3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Member of the Texas Instruments 
Widebus™ Family 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical V 0 i_p (Output Ground Bounce) 
< 0.8 V at V C c = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54LVT16652 ... WD PACKAGE 
SN74LVT16652 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10EAB [ 


1 


U 56 


] 10EBA 


1CLKAB [ 


2 


55 


] 1CLKBA 


1SAB [ 


3 


54 


] 1SBA 


GND [ 


4 


53 


] GND 


1A1 [ 


5 


52 


] 1B1 


1A2 [ 


6 


51 


] 1B2 


Vrr [ 


7 


50 


] Vrr 


1A3 [ 


8 


49 


] 1B3 


1A4 [ 


9 


48 


] 1B4 


1A5 [ 


10 


47 


] 1B5 


GND [ 


11 


46 


] GND 


1A6 [ 


12 


45 


] 1B6 


1A7 [ 


13 


44 


] 1B7 


1A8 [ 


14 


43 


] 1B8 


2A1 [ 


15 


42 


] 2B1 


2A2 [ 


16 


41 


] 2B2 


2A3 [ 


17 


40 


] 2B3 


GND [ 


18 


39 


] GND 


2A4[ 


19 


,38 


]2B4 


2A5 [ 


20 


37 


]2B5 


2A6 [ 


21 


36 


]2B6 


v cc [ 


22 


35 


]v C c 


2A7 [ 


23 


34 


]2B7 


2A8 [ 


24 


33 


]2B8 


GND [ 


25 


32 


] GND 


2SAB [ 


26 


31 


]2SBA 


2CLKAB [ 


27 


30 


] 2CLKBA 


20EAB [ 


28 


29 


] 2QEBA 



description 



The 'LVT1 6652 is a 1 6-bit bus transceiver designed for low-voltage (3.3-V) Vqc operation, but with the capability 
to provide a TTL interface to a 5-V system environment. The device can be used as two 8-bit transceivers or 
one 16-bit transceiver. 



Complementary output-enable (OEAB and OEBA) inputs are provided to control the transceiver functions. 
Select-control (SAB and SBA) inputs are provided to select whether real-time or stored data is transferred. A 
low input level selects real-time data, and a high input level selects stored data. The circuitry used for select 
control eliminates the typical decoding glitch that occurs in a multiplexer during the transition between stored 
and real-time data. Figure 1 illustrates the four fundamental bus-management functions that can be performed 
with the 'LVT1 6652. 

Data on the A or B bus, or both, can be stored in the internal D flip-flops by low-to-high transitions at the 
appropriate clock (CLKAB or CLKBA) inputs regardless of the levels on the select-control or output-enable 
inputs. When SAB and SBA are in the real-time transfer mode, it is also po ssible to store data without using the 
internal D-type flip-flops by simultaneously enabling OEAB and OEBA. In this configuration, each output 
reinforces its input. Thus, when all other data sources to the two sets of bus line are at high impedance, each 
set of bus lines remains at its last level configuration. 



Widebus is a trademark of Texas Instruments Incorporated. ^ 

PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 993, Texas Instruments Incorporated 

design phase of development Characteristic data and other ^EtA — _ 

specifications are design goals. Texas Instruments reserves the right to vV'jP Tr**X/"A 

change or discontinue these products without notice. \f IJtlyv/Vo 
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description (continued) 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT1 6652 is available in.TI's shrink small-outline package (DL), which provides twice the I/O pin count 
and functionality of standard small-outline packages in the same printed-circuit-board area. 

a The SN54LVT1 6652 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT1 6652 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 



INPUTS 


DATA l/Ot 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


L 


H 


L 


L 


X 


X 


Input 


Input 


Isolation 


L 


H 


t 


t 


X 


X 


Input 


Input 


Store A and B data 


X 


H 


t 


L 


X 


X 


Input 


Unspecified^ 


Store A, hold B 


H 


H 


t 


t 


X* 


X 


Input 


Output 


Store A in both registers 


L 


X 


L 


t 


X 


X 


Unspecified^ 


Input 


Hold A, store B 


L 


L 


T 


T 


X 


xt 


Output 


Input 


Store B in both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


L 


X 


H 


Output 


Input 


Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


L 


X 


H 


X 


Input 


Output 


Stored A data to B bus 


H 


L 


. L 


L 


H 


H 


Output 


Output 


Stored A data to B bus and 
stored B data to A bus 



t The data output functions may be enabled or disabled by a variety of level combinations at the OEAB or OEBA inputs. Data input functions are 

always enabled; i.e., data at the bus pins is stored on every low-to-high transition on the clock inputs, 
t Select control = L; clocks can occur simultaneously. 

Select control = H; clocks must be staggered in order to load both registers. 
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BUSBTOBUSA 



SBA 
L 




OEAB OEBA CLKAB CLKBA SAB 
H H X X L 

REAL-TIME TRANSFER 
BUS A TO BUS B 



SBA 
X 



OEAB OEBA CLKAB CLKBA SAB SBA 



t X 
X t 
T T 
STORAGE FROM 
A, B, OR A AND B 



OEAB OEBA CLKAB CLKBA SAB SBA 



H 



H 



TRANSFER STORED DATA 
TO A AND/ORB 



H 



Figure 1 . Bus-Managerrient Functions 
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logic symbolt 



10EBA 
10EAB 
1CLKBA 
1SBA 
1CLKAB 
1SAB 



20EBA 
20EAB 
2CLKBA 
2SBA 
2CLKAB 
2SAB 

1A1 



1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 



2A1 



2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



56 



55 



54 



29 



28 



30 



31 



27 



26 



10 



12 



13 



14 



15 



16 



17 



19 



20 



21 



23 



24 



EN1 [BA] 
EN2 [AB] 

> C3 
G4 

> C5 
G6 

EN7 [BA] 
EN8 [AB] 

> C9 
G10 

> C11 
G12 

P 



>1 



V 1 



1 6 



3D 



4 1 



IT 



>1 



2V 



>1 



V7 



11D 12 



1 12 



10 9D 



10 1 



>1 



8V 



52 
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44 



43 



42 



41 
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40 
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«► 
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34 


— 

— o 


33 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



' Supply voltage range, Vqq . -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) . . . -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) .... -0.5 V to 7 V 

Current into any output in the low state, \q\ SN54LVT16652 . 96 mA 

SN74LVT16652 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT16652 . . . 48 mA 

SN74LVT16652 64mA 

Input clamp current, l||< (Vj < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at T/\ = 55°C (in still air): DGG package 1 W 

DL package 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT16652 


SN74LVT16652 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


24 


32 


mA 


«OL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



* Current duty cycle < 50%, f > 1 kHz 
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SN54LVT16652, SN74LVT16652 
3.3- V ABT 16-BIT BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT16652 


SN74LVT16652 


UNIT 


MIN MAX 


MIN MAX 


V|K 


Vcc = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


V C c = MIN to MAX*, l 0 H = "1 00 ^iA 


VcC-0.2 


VcC-0.2 


V 


V C C = 2.7V, l 0 H = -8mA 


2.4 


2.4 


VCC = 3V, l 0 H = -24mA 


2 




V C C = 3V, l 0 H = -32mA 




2 


vol 


V C C = 2.7V, l O L=100^A 


0.2 


0.2 


V 


VcC = 2.7 V, l 0 L = 24 mA 


0.5 


0.5 


VcC = 3V, l 0 L = 16mA 


0.4 


0.4 


V C C = 3V, l 0 L = 32mA 


0.5 


0.5 


Vcc = 3 V, l 0 L = 48 mA 


0.55 




VcC = 3 V, Iql = 64 mA 




0.55 


ii 


Vcc = 3-6 V, V| = V CC or GND 


Control pins 


±1 


±1 




Vcc = 0 or MAX*, V| = 5.5 V 


10 


10 


V C C = 3.6 V, V| = 5.5V 


A or B ports§ 


20 


20 


V C C = 3-6 V, V| = V C C 


1 


1 


V C C = 3-6 V, V| = 0 


-5 


-5 


'off 


Vcc = 0. v | or Vq = 0 to 4.5 V 




±100 


MA 


'l(hold) 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 




V| = 2V * 


-75 


-75 


•OZH 


VCC = 3 6 V, Vq = 3 V 


1 


1 


|iA 


'OZL 


V C C = 3-6 V, V 0 -0.5 V 


-1 


-1 


^A 


•cc 


V C C = 3.6 V, 'O = 0, 
V| = V C c or GND 


Outputs high 


0.1 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.1 


0.1 


Alec 11 


Vcc = 3 V to 3.6 V, One input at Vcc - 0-6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Q 


V| = 3VorO 






PF 




VQ = 3VorO 






PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVT16952, SN74LVT16952 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS151 - MAY 1992 - REVISED JULY 1993 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Member of the Texas Instruments 
Widebus™ Family 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical V 0 i_p (Output Ground Bounce) 
< 0.8 V at V C c = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-1 7 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

Distributed Vcc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54LVT16952 ... WD PACKAGE 
SN74LVT16952 . . . DGG OR DL PACKAGE 
(TOP VIEW) 





1 






10EAB [ 


56 


] 10EBA 


1 CLKAB [ 


2 


55 


] 1 CLKBA 


1CLKENAB [ 


3 


54 


] 1CLKENBA 


GND [ 


4 


53 


]gnd 


1A1 [ 


5 


52 


] 1B1 


1A2 [ 


6 


51 


] 1B2 


V cc [ 


7 


50 


] V cc 


1A3 [ 


8 


49 


] 1B3 


1A4 [ 


9 


48 


] 1B4 


1A5 [ 


10 


47 


] 1B5 


GND [ 


11 


46 


] GND 


1A6 [ 


12 


45 


] 1B6 


1A7 [ 


13 


44 


] 1B7 


1A8 [ 


14 


43 


] 1B8 


2A1 [ 


15 


42 


]2B1 


2A2 [ 


16 


41 


]2B2 


2A3 [ 


17 


40 


] 2B3 


GND [ 


18 


39 


]gnd 


2A4 [ 


19 


38 


]2B4 


2A5 [ 


20 


37 


]2B5 


2A6 [ 


21 


36 


]2B6 


v C c [ 


22 


35 


]v cc 


2A7 [ 


23 


34 


]2B7 


2A8 [ 


24 


33 


]2B8 


GND [ 


25 


32 


]gnd 


2CLKENAB [ 


26 


31 


] 2CLKENBA 


2CLKAB [ 


27 


30 


] 2CLKBA 


2QEAB [ 


28 


29 


] 20EBA 



description 



The 'LVT16952 is a 16-bit registered transceiver designed for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. The device can be used as two 8-bit 
transceivers or one 16-bit transceiver. Data on the A or B bus is stored in t he registers o n the low-to -high 
transition of the clock (CLKAB or CLKBA ) i nput pr ovided that the clock-enable (CLKENAB or CLKENBA) input 
is low. Taking the output-enable (OEAB or OEBA) input low accesses the data on either port. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT1 6952 is available in Tl's shrink small-outline package (DL) , which provides twice the I/O pin count 
and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54LVT1 6952 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT1 6952 is characterized for operation from -40°C to 85°C. 



Widebus is a trademark of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 993, Texas Instruments Incorporated 

design phase of development. Characteristic data and other _ 

specifications are design goals. Texas Instruments reserves the right to Trv A C* 

change or discontinue these products without notice. \f I r.X A^ 
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SN54LVT16952, SN74LVT16952 

3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS151 - MAY 1992- REVISED JULY 1993 



logic symbolt 



10EBA 
1CLKENBA 
1CLKBA 



10EAB 
1CLKENAB 
1CLKAB 



20EBA 
2CLKENBA 
2CLKBA 



20EAB 
2CLKENAB 
2CLKAB 

1A1 

1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
2A1 

2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



56 


IN 


54 


K 


55 


1 


IN 


3 


IN 


2 


29 


IN 


31 


IN 


30 


28 


IN 


26 


N 


27 





10 



12 



13 



14 



15 



16 



17 



19 



20 



21 



23 



24 



EN3 
G1 

> 1C5 
EN4 
G2 

> 2C6 
EN9 
G7 

> 7C11 
EN10 
G8 

> 8C12 



< ► 



V 3 



6D 



V 9 



12D 



5D 



4V 



11D 



10 V 



tfhis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



52 



51 



49 



48 



47 



45 



44 



43 



42 



41 



40 



38 



37 



36 



34 



33 



1B1 

1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
2B1 

2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 
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SN54LVT16952, SN74LVT16952 
3.3- V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 51 - MAY 1 992 - REVISED JULY 1 993 



logic diagram (positive logic) 



1CLKENAB 
1CLKAB 



10EBA 



1A1 



56 



> 



4>n 



1 of 8 
Channels 



C1<r 
CE 
1D 



C1 



CE 
1D 



< 



54 



55 



1CLKENBA 
1CLKBA 



10EAB 



V 

To Seven Other Channels 



52 



1B1 



2CLKENAB 
2CLKAB 



26 



27 



20EBA 



29 



2A1 



15 



1 of 8 
Channels 



C1< 
CE 
1D 



> C1 

CE 

1D 



^ 30 



r4 



28 



2CLKENBA 
2CLKBA 



20EAB 



42 



2B1 



v 

To Seven Other Channels 



FUNCTION TABLET 



INPUTS 


OUTPUT 


CLKENAB 


CLKAB 


OEAB 


A 


B 


H 


X 


L 


X 


Bo* 


X 


L 


L 


X 


Bo* 


L 


t 


L 


L 


L 


L 


T 


L 


H 


H 


X 


X 


H 


X 


Z 



t A-to-B d ata flow is s hown; B-to-A data flo w is similar 
but uses CLKENBA, CLKBA, and OEBA. 

t Level of B before the indicated steady-state input 
conditions were established. 
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SN54LVT16952, SN74LVT16952 

3.3-VABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS1 51 - MAY 1 992 - REVISED JULY 1 993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, Iq-" SN54LVT16952 96 mA 

SN74LVT16952 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT1 6952 48 mA 

SN74LVT16952 64 mA 

Input clamp current, I|k (Vj < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ■ -50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 1 W 

DL package 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT16952 


SN74LVT16952 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


24 


32 


mA 


»OL* 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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SN54LVT1 6952, SN74LVT1 6952 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS151 - MAY 1992 - REVISED JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT16952 


SN74LVT16952 


UNIT 


MIN MAX 


MIN MAX 


V|K 


Vcc = 2.7V, l| = -18mA 


-1.2 


-1 .2 


V 


VOH 


Vcc = MIN to MAX*, Ioh = "1 00 |iA 


VcC-0.2 


VcC-0.2 


V 


V C C = 2.7V, l 0 H = -8mA 


2.4 


2.4 


V C C = 3V, l 0 H = -24mA 


2 




V C C = 3V, l 0 H = -32mA 




2 


Vol 


V C C = 2-7V, l O L = 100*iA 


0.2 


0.2 


V 


Vcc = 2.7 V, Iql = 24 mA 


0.5 


0.5 


Vcc = 3V, Iql = 16 mA 


0.4 


0.4 


VCC = 3 V, l 0 L = 32 mA 


0.5 


0.5 


Vcc = 3 V, Iql = 48 mA 


0.55 




Vcc = 3 V, l 0 L = 64 mA 




0.55 


«i 


Vcc = 3 6 V, V| = Vcc or GND 


Control pins 


±1 


±1 


HA 


Vcc = 0 or MAX *. v | = 5.5 V 


10 


10 


Vcc = 3-6 V, V| = 5.5 V 


A or B ports§ 


20 


20 


V C C = 3.6 V, V| = V C C 


1 


1 


Vcc = 36 V, V| = 0 


-5 


-5 


'off 


Vcc = 0, V|orV O = 0to4.5V 




±100 


|iA 


'l(hold) 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


HA 


V| = 2 V 


-75 


-75 


'OZH 


VCC = 3-6 V, Vq = 3 V 


1 


1 


MA 


"OZL 


Vcc = 3.6 V, Vq = 0.5 V 


-1 


-1 


HA 


'cc 


Vcc = 3-6V, '0 = 0, 
V| = V C C or GND 


Outputs high 


0.1 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.1 


0.1 


Alec 11 


Vcc = 3 V to 3.6 V, One input at Vcc " 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3VorO 






PF 




Vq = 3 V or 0 






PF 



t All typical values are at Vcc = 3 -3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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General Information 



1 



ABT Octals 


2 


ABT Widebus™ 




ABTE/ETL Widebus™ El 


ABT Widebus+™ 


5 


ABT Memory Drivers 


6 


ABT 25-0 Incident-Wave Switching Drivers 


ruiuruuubT/ dil i rciiiout?ivt?r© 


8 


ABT JTAG/IEEE 1149.1 


9 


LVTJTAG/IEEE 1149.1 


10 


LVT Octals 


11 


LVT Widebus™ 


12 


LVT Memory Drivers 




LVT/GTL Widebus™ 


14 


Application Notes and Articles 


15 


ABT Characterization Information 


16 


Mechanical Data 


17 
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LVT MEMORY DRIVERS 



(D 

3 
o 

o 

■HE 

HI 

(0 



Features 

Output ports have 25-£2 series resistors 
included on chip 

EPIC-IIB™ BiCMOS process with special 
low-voltage enhancements 

Mixed-mode circuitry 

Expanded Vqc range from 2.7 V to 3.6 V 

Bus-hold circuitry 

Power-on-demand active feedback 
circuitry 

JEDEC SSOP (Widebus™) and EIAJ 
TSSOP (Shrink Widebus™) packaging 

Functional equivalents with complete 
pinout and package compatibility 



Benefits 

• 3.3-V logic family with equivalent speed 
and drive performance of 5-V ABT logic 
family - not just a recharacterized or 
scaled CMOS 

• Complete input and output compatibility 
with 5-V signals combined with a pure 
3.3-V internal supply signal - provides 
bidirectional 3-V to 5-V translation 

• AC performance optimized for both 
regulated supply and unregulated battery 
operation 

• Reduces component count by eliminating 
need for external pullup or pulldown 
resistors on I/O pins configured as inputs 
left unused or floating 

• Reduces disabled static power 

consumption (Iccz) t0 as little as °- 1 mA 
for power-conscious portable and 
battery-powered equipment 

• 1 6- and 1 8-bit densities for flexible 
integration 

• Space-saving and height-saving 
surface-mount package options, pin 
compatible with existing 5-V families for 
easy conversion 

• Drop-in replaceable series resistor options 
with characteristic LVT advanced system 
performance and minimal system power 

• Reliably drives address lines of 64-K, 
256-K, 1-M, 4-M, and 16-M MOS dynamic 
random access memories (DRAMs) 

• Standardization that comes from a 
common product approach 
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SN54LVT1 62240, SN74LVT1 62240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 



SN54LVT162240 ... WD PACKAGE 
SN74LVT1 62240 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10E[ 1 
1Y1 [ 2 
1Y2[ 3 

GND[ 
1Y3[ 5 
1Y4[ 6 

2Y1 [ 8 
2Y2[ 9 

GND[ 10 
2Y3 [ 11 
2Y4[ 12 
3Y1 [ 13 
3Y2 [ 14 

GND [ 15 
3Y3 [ 16 
3Y4[ 17 

V C C t 18 
4Y1 [ 19 
4Y2 [ 20 
GND [ 21 
4Y3 [ 22 
4Y4 [ 23 
40E [ 24 



48 ]20E 
47 ] 1A1 
] 1A2 



46 



• Output Ports Have Equivalent 22-Q. Series 
Resistors, So No External Resistors Are 
Required 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• Member of the Texas Instruments 
Widebus™ Family 

• Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

• Supports Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 3.3 V, T A = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Distributed Vqq and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 

description 

The 'LVT1 62240 is a 16-bit buffer and line driver designed for low-voltage (3.3-V) Vqc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. The device can be used as four_4-bit buffers, 
two 8-bit buffers, or one 16-bit buffer. This device provides inverting outputs and symmetrical OE (active-low 
output-enable) inputs. 

The outputs, which are designed to source or sink up to 1 2 mA, include 22-Q series resistors to reduce overshoot 
and undershoot. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT1 62240 is available in Tl's shrink small-outline (DL) and thin shrink small-outline (DGG) packages, 
which provide twice the I/O pin count and functionality of standard small-outline packages in the same 
printed-circuit-board area. 

The SN54LVT1 62240 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT1 62240 is characterized for operation from -40°C to 85°C. 
Widebus is a trademark of Texas Instruments Incorporated. • 



4 45 ] GND 
] 1A3 
] 1A4 

]v cc 

]2A1 
] 2A2 
] GND 
38 ] 2A3 
37 ] 2A4 
36 ] 3A1 
]3A2 
]GND 
] 3A3 
] 3A4 

]v cc 

]4A1 
]4A2 
]GND 
]4A3 
]4A4 
]30E 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVT1 62240, SN74LVT162240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JULY 1993 



FUNCTION TABLE 



(each 4-bit buffer) 


INPUTS 


OUTPUT 
Y 


OE A 


L H 


L 


L L 


H 


H X 


Z 



logic symbolt 



10E 
20E 
30E 
40E 

1A1 
1A2 
1A3 
1A4 
2A1 
2A2 
2A3 
2A4 
3A1 
3A2 
3A3 
3A4 
4A1 
4A2 
4A3 
4A4 



1 N 


EN1 
EN2 
EN3 
EN4 

h r 


2 


48 IS 




24 IN 


47 


1 1 V 


46 


3 




44 




5 




43 




6 




41 




8 


1 2V 


40 


9 




38 




11 




37 




12 




36 




13 


1 3V 


35 


14 




33 




i6 




32 




17 




30 


19 


1 4V 


29 


20 




27 




22 




26 




23 











tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



logic diagram (positive logic) 
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43 
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2Y4 



3Y1 



3Y2 



3Y3 



3Y4 



4Y1 



4Y2 



4Y3 



4Y4 
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SN54LVT1 62240, SN74LVT1 62240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, \q 30 mA 

Current into any output in the high state, Iq (see Note 2) 30 mA 

Input clamp current, l||< (Vj < 0) -50 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT1 62240 


SN74LVT1 62240 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-12 


-12 


mA 


lOL 


Low-level output current 


12 


12 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 
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SN54LVT1 62240, SN74LVT162240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT1 62240 


SN74LVT1 62240 


UNIT 


MIN MAX 


MIN MAX 


V|K 


V C C = 2.7V, l|=-18mA 


-1.2 


-1.2 


V 
V 


VOH 


V C C = 3V, l 0 H = -12mA 


2 


2 


vql 


Vgc = 3V, l 0 L = 12mA 


0.8 


0.8 


V 


h 


Vcc = OorMAXt, V| = 5.5V 


10 


10 


uA 


Vqc = 3.6 V, V| = Vcc or GND 


Control pins 


±1 


±1 


V C C = 3.6V, V, = V C C 


Data pins 


1 


1 


V C C = 3-6 V, V| = 0 


-5 


-5 


'off 


Vcc = 0> V|orVQ = 0to4.5V 




±100 


uA 


, l(hold) 


V C C = 3V 


V| = 0.8 V 


A inputs 


75 


75 


uA 


V| = 2 V 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vq = 3 V 


1 


1 


MA 


! OZL 


V C C = 36 V, V O = 0.5V 


-1 


-1 


ma 


'cc 


V C C = 3.6 V, «O = 0. 
V| = V C c or GND 


Outputs high 


0.19 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.19 


0.1 


AlcC § 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 




V| = 3VorO 






PF 


C 0 


Vo = 3VorO 






PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVT162244, SN74LVT162244 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 



SN54LVT162244 ... WD PACKAGE 
SN74LVT1 62244 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10E[ 1 
1Y1 [ 2 
1Y2[ 3 

GND[ 4 
1Y3[ 5 
1Y4[ 6 
V CC [7 
2Y1 [ 8 
2Y2[ 9 

GND[ 10 
2Y3 [ 11 
2Y4 [ 12 
3Y1 [ 13 
3Y2 [ 14 

GND[ 15 
3Y3[ 16 
3Y4[ 17 

V C C [ 1 8 
4Y1 [ 19 
4Y2 [ 20 
GND [ 21 
4Y3 [ 22 
4Y4 [ 23 
40E [ 24 



• Output Ports Have Equivalent 22-Q Series 
Resistors, So No External Resistors Are 
Required 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• Member of the Texas Instruments 
Widebus™ Family 

• Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

• Supports Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 3.3 V, T A = 25°C 

• ESD Protection Exceeds 2000 V Per 
. MIL-STD-883C, Method 3015; Exceeds 

200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 

description 

The 'LVT1 62244 is a 16-bit buffer and line driver designed for low-voltage (3.3-V) Vqc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. The device can be used as four 4-bit buffers, 
two 8-bit buffers, or one 16-bit buffer. This device provides true outputs and symmetrical OE (active-low 
output-enable) inputs. 

The outputs, which are designed to source or sink up to 1 2 mA, include 22-Q series resistors to reduce overshoot 
and undershoot. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT1 62244 is available in Tl's shrink small-outline (DL) and thin shrink small-outline (DGG) packages, 
which provide twice the I/O pin count and functionality of standard small-outline packages in the same 
printed-circuit-board area. 

The SN54LVT1 62244 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT1 62244 is characterized for operation from -40°C to 85°C. 
Widebus is a trademark of Texas Instruments Incorporated. 



48 ] 20E 
47 ] 1A1 
46 ] 1A2 
45 ] GND 
44 ] 1A3 
43 ] 1A4 
42 ] V CC 
41 ] 2A1 
40 ] 2A2 
39 ] GND 
38 ] 2A3 
37 ] 2A4 
36 ] 3A1 
35 ] 3A2 
34 ] GND 
33 ] 3A3 
32 ] 3A4 
31 ] V CC 
30 ] 4A1 
29 ] 4A2 
28 ] GND 
27 ] 4A3 
26 ] 4A4 
25 ] 30E 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVT1 62244, SN74LVT1 62244 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1993 



FUNCTION TABLE 
(each buffer) 



logic symbolt 



10E 
20E 
30E 
40E 

1A1 
1A2 
1A3 
1A4 
2A1 
2A2 
2A3 
2A4 
3A1 
3A2 
3 A3 
3A4 
4A1 
4A2 
4A3 
4A4 



logic diagram (positive logic) 



IN 

25 N 
24 N 

47 


EN1 
EN2 
EN3 
EN4 

h r 


2 


1 1 V 


46 


3 




44 


5 




43 




6 




41 




8 


1 2 V 


40 


9 




38 




11 




37 


12 




36 


13 


1 3V 


35 


14 




33 




16 




32 




17 




30 




19 


1 4V 


29 


20 




27 


22 




26 




23 











TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



1Y1 
1Y2 
1Y3 
1Y4 
2Y1 
2Y2 
2Y3 
2Y4 
3Y1 
3Y2 
3Y3 
3Y4 
4Y1 
4Y2 
4Y3 
4Y4 



10E 



INPUTS 


OUTPUT 






OE A 


Y 


1A1 - 


- — I 


L H 


H 






L L 


L 


1A2 


- — I 


H X 


Z 










1A3 


44 






1A4 


1 



20E 



2A1 



2A2 



2A3 



2A4 



30E 



3A1 



3A2 



3A3 



3A4 



40E 



4A1 



4A2 



4A3 



4A4 



l> 







>— 


2 






I 1 


> 

3 






u 


t 

5 








6 



48 



41 



40 



38 



37 



25 



36 



35 



33 



32 



24 



-0- 



30 



29 



27 



26 







I ' 


8 






I i 


9 








11 








12 









13 






I < 


14 


>- 




>- 


16 








17 









19 








20 






i 1 


22 


>— 






23 



1Y1 



1Y2 



1Y3 



1Y4 



2Y1 



2Y2 



2Y3 



2Y4 



3Y1 



3Y2 



3Y3 



3Y4 



4Y1 



4Y2 



4Y3 



4Y4 



, Texas 
Instruments 

13-8 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVT1 62244, SN74LVT162244 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) — -0.5 V to 7 V 

Current into any output in the low state, Iq 30 mA 

Current into any output in the high state, Iq (see Note 2) 30 mA 

Input clamp current, Iik ( v l < °) ~ 50 mA 

Output clamp current, Iqk ( v O < °) -50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT1 62244 


SN74LVT1 62244 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-12 


-12 


mA 


lOL 


Low-level output current 


12 


12 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 
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SN54LVT1 62244, SN74LVT1 62244 
3.3- V ABT 1 6-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT1 62244 


SN74LVT1 62244 


UNIT 


MIN MAX 


MIN MAX 


V|K 


Vcc = 2.7V, l| = -18mA 


-1 .2 


-1.2 


V 
V 


Vnw 

y Un 


V C C = 3V, l 0 H = -12mA 


2 


2 


Vni 


V C C = 3V, l 0 L = 12mA 


0.8 


0.8 


V 


"I 


Vcg = 0 or MAX*, V| = 5.5 V 


10 


10 


HA 


Vqc = 3.6 V, V| = Vqc or GND 


Control pins 


±1 


±1 


V C C = 3.6V, V| = V C C 


Data pins 


1 


1 


VQC = 3.6 V, V| = 0 


-5 


-5 


•off 


Vcc = 0. v l or Vq = 0 to 4.5 V 




±100 


HA 


1 1 (hold) 


V C C = 3V 


V| = 0.8 V 


A inputs 


75 


75 


uA 


V| = 2 V 


-75 


-75 


'OZH 


V C C = 3.6 V, V 0 = 3 V 


5 


5 


uA 


'OZL 


Vcc = 3.6 V, Vq = 0.5V 


-5 


-5 


uA 


'cc 


V C C = 3.6 V, l O = 0, 
V| = V C c or GND 


Outputs high 


0.19 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.19 


0.1 


Alcc § 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3VorO 






PF 


Co 


V 0 = 3VorO 






PF 



t All typical values are at Vcc = 3 -3 V, Ta = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SNLVT162245, SN74LVT162245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 



A-Port Outputs Have Equivalent 22-Q 
Series Resistors, So No External Resistors 
Are Required 

State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Member of the Texas Instruments 
Widebus™ Family 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 3.3 V, T A = 25°C 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-1 7 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54LVT1 62245 ... WD PACKAGE 
SN74LVT1 62245 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



1DIR[ 1 
1B1[ 2 
1B2[ 3 

GND[ 4 
1B3[ 5 
1B4[ 6 

v cc [ 7 

1B5[ 8 
1B6[ 9 

GND[ 10 
1B7[ 11 
1B8[ 12 
2B1 [ 13 
2B2[ 14 

GND[ 15 
2B3[ 16 
2B4[ 17 
V CC [ 18 
2B5[ 19 
2B6[ 20 

GND[ 21 
2B7[ 22 
2B8[23 

2DIR[ 24 



17 



48 ] 10E 
47 P 1A1 
1A2 
GND 
1A3 
1A4 

V C C 
1A5 
1A6 
GND 
1A7 
1A8 
2A1 
2A2 
GND 
2A3 
2A4 

V C C 
2A5 
2A6 
GND 
2A7 
2A8 
20E 



description 



The 'LVT1 62245 is a 16-bit (dual-octal) noninverting 3-state transceiver designed for low-voltage (3.3-V) Vqq 
operation, but with the capability to provide a TTL interface to a 5-V system environment. 

This device can be used as two 8-bit transceivers or one 1 6-bit transceiver. |t allows data transmission from the 
A bus to the B bus or from the B bus to the A bus depending upon the logic level at the direction-control (DIR) 
input. The output-enable (OE) input can be used to disable the device so that the buses are effectively isolated. 

The A-port outputs, which are designed to source or sink up to 12 mA, include 22-Q series resistors to reduce 
overshoot and undershoot. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT1 62245 is available in Tl's shrink small-outline (DL) and thin shrink small-outline (DGG) packages, 
which provide twice the I/O pin count and functionality of standard small-outline packages in the same 
printed-circuit-board area. 



Widebus is a trademark of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SNLVT162245, SN74LVT162245 

3.3-V ABT 16-BIT BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

JUNE 1993 



description (continued) 

The SN54LVT1 62245 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT162245 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 



logic symbolt 



10E 
1DIR 



20E 
2DIR 



1A1 

1A2 
1A3 
1A4 
1A5 
1A6 
1A7 
1A8 
2A1 

2A2 
2A3 
2A4 
2A5 
2A6 
2A7 
2A8 



48 



25 



24 



47 



46 



44 



43 



41 



40 



38 



37 



36 



35 



33 



32 



30 



29 



27 



26 



G3 

3 EN1 [BA] 
3 EN2 [AB] 
G6 
6 EN4 [BA] 
6 EN5 [AB] 

n_ . 



V 1 



V 4 



2V 



5V 



11 



12 



13 



14 



16 



17 



19 



20 



22 



23 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



logic diagram (positive logic) 



1B1 

1B2 
1B3 
1B4 
1B5 
1B6 
1B7 
1B8 
2B1 

2B2 
2B3 
2B4 
2B5 
2B6 
2B7 
2B8 



1A1 



47 




48 



10E 



1B1 



To Seven Other Channels 



2DIR 



2A1 



24 



36 




«-20E 



2B1 



To Seven Other Channels 
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SNLVT162245, SN74LVT162245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

JUNE 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, Iq: SN54LVT1 62245 (except A port) 96 mA 

SN74LVT162245 (except A port) 128 mA 

A port 30 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVT1 62245 (B port) 48 mA 

SN74LVT162245(Bport) 64 mA 

A port 30 mA 

Input clamp current, l|K ( v l < 0) -50 mA 

Output clamp current, Iqk ( v o < °) -5° mA 

Maximum power dissipation at Ta = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vcc- 



recommended operating conditions 









SN54LVT1 62245 


SN74LVT1 62245 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


•oh 


High-level output current 


B port 


-24 


-32 


mA 


A port 


-12 


-12 


mA 


lOL 


Low-level output current 


Bport 


24 


32 


mA 


A port 


12 


12 


lOL* 


Low-level output current 


Bport 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 




Operating free-air temperature 




-55 


125 


-40 


85 


°C 



* Current duty cycle < 50%, f > 1 kHz 
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SNLVT1 62245, SN74LVT1 62245 

3.3-V ABT 16-BIT BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 




will tLV ■ 1 U££t3 


UNIT 


MIN MAX 


MIN MAX 


V|K 


Vcc = 2.7V, l|=-18mA 


—1 .2 


—1 .2 


V 


VOH 


Vcc = 3 V, Ioh =- 12 mA A port 


2 


2 


V 


Vcc = MIN to MAX*, Ioh = -100 |iA 


V CC v.t. 


V CC 


V C C = 2.7V, l 0 H = -8mA 


2 4 


2.4 


VCC = 3V, l 0 H = -24mA 


2 




VCC = 3V, l 0 H=-32mA 




2 


\/r\i 
v OL 


Vcc = 2.7 V, l 0 L=12mA 


A port 


0.8 


0.8 


\l 


Vcc = 2.7 V, lQL = 100^A 


B port 


0.2 


0.2 


V C C = 2.7 V, l 0 L = 24mA 


0 5 


0 5 


VcC = 3V, l 0 L = 16 mA 


0.4 


0.4 


VcC = 3V, loL = 32mA 


0.5 


0.5 


Vcc = 3 V, Iol = 48 mA 


0.55 




Vcc = 3V, loL = 64mA 




0 55 


l| 


Vcc = 3.6 V, V| = V C COrGND 


Control pins 


+-j 


±1 


^A 


VCC = 0 or MAXt, V| = 5.5 V 


10 


10 


Vcc = 3-6 V, V| = 5.5 V 


A or B ports§ 


20 


20 


Vcc = 3.6 V, V| = V C C 




■\ 


Vcc = 3.6 V, V| = 0 


-5 


-5 


'off 


Vcc = 0. V|orV O = 0to4.5V 




±100 


uA 




V C C = 3 V 


V| = 0.8V 


A or B ports 


75 


75 


|iA 


V| = 2 V 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vo = 3 V 


1 


1 




'OZL 


Vcc = 3.6 V, V O = 0.5V 


-1 


-1 


^lA 


'cc 


VCC = 3.6 V, '0 = 0, 
V| = V C c or GND 


Outputs high 


0.1 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.1 


0.1 




Vcc = 3 V to 3.6 V, One input at Vcc - 0-6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 






PF 


Cj 0 


Vq = 3 V or 0 






PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND. 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVT162373, SN74LVT1 62373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

JULY 1993 



SN54LVT1 62373 ... WD PACKAGE 
SN74LVT1 62373 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



] 1D2 

]gnd 

] 1D3 
] 1D4 

]v cc 

J 1D5 
] 1D6 
] GND 
] 1D7 
] 1D8 
]2D1 
]2D2 
] GND 
]2D3 
]2D4 

JVcc 

J2D5 
]2D6 
] GND 
]2D7 



• Output Ports Have Equivalent 22-Q. Series 
Resistors, So No External Resistors Are 
Required 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• Member of the Texas Instruments 
Widebus™ Family 

• Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

• Supports Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 3.3 V, T A = 25°C 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

• Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 

• Distributed Vqc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes 
PCB Layout 

• Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 

description 

The 'LVT1 62373 is a 1 6-bit transparent D-type latch with 3-state outputs designed for low-voltage (3.3-V) Wqq 
operation, but with the capability to provide a TTL interface to a 5-V system environment. It is particularly suitable 
for implementing buffer registers, I/O ports, bidirectional bus drivers, and working registers. 

The device can be used as two 8-bit latches or one 16-bit latch. When the latch-enable (LE) input is high, the 
Q outputs follow the data (D) inputs. When LE is taken low, the Q outputs are latched at the levels set up at the 
D inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

The output-enable (OE) input does not affect internal operations of the latch. Old data can be retained or new 
data can be entered while the outputs are in the high-impedance state. 

Widebus is a trademark of Texas Instruments Incorporated. 



10E[ 
1Q1 [ 
1Q2 
GND 
1Q3[ 
1Q4[ 

Vcc[ 

1Q5 
1Q6 

GND 
1Q7 
1Q8 
2Q1 
2Q2 

GND 
2Q3 
2Q4 

Vcc 

2Q5 
2Q6 
GND 
2Q7 
2Q8 
20E 
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PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVT162373, SN74LVT1 62373 

3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

JULY 1993 



description (continued) 

The outputs, which are designed to source or sink up to 1 2 mA, include 22-Q series resistors to reduce overshoot 
and undershoot. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT1 62373 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54LVT1 62373 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT1 62373 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


OUTPUT 

Q 


OE 


LE 


D 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


z 



logic symbolt 



10E 
1LE 
20E 
2LE 

1D1 
1D2 
1D3 
1D4 
1D5 
1D6 
1D7 
1D8 
2D1 
2D2 
2D3 
2D4 
2D5 
2D6 
2D7 
2D8 



1 N 


1EN 
C3 
2EN 
C4 

h r 


2 


48 


24 IS 


25 


47 


3D 1 V 


46 


3 




44 




5 




43 




6 




41 




8 




40 




9 




38 




11 




37 




12 




36 




13 


4D 2 V 


35 


14 




33 




16 




32 


17 




30 




19 




29 




20 




27 




22 




26 




23 











1Q1 
1Q2 
1Q3 
1Q4 
1Q5 
1Q6 
1Q7 
1Q8 
2Q1 
2Q2 
2Q3 
2Q4 
2Q5 
2Q6 
2Q7 
2Q8 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and I EC Publication 617-12. 



logic diagram (positive logic) 
1 



10E 



1LE 



1D1 



47 



:=in-5u 



1Q1 



To Seven Other Channels 



20E 



2LE 



2D1 



24 



36 



2Q1 



V 

To Seven Other Channels 
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SN54LVT1 62373, SN74LVT162373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -°- 5 v t0 4 -6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, \q 30 mA 

Current into any output in the high state, Iq (see Note 2) 30 mA 

Input clamp current, Ijk (V| < 0) -50 mA 

Output clamp current, Iqk ( v o < °) ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current wijl only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT1 62373 


SN74LVT1 62373 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-12 


-12 


mA 


lOL 


Low-level output current 


12 


12 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


ta 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 
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SN54LVT1 62373, SN74LVT162373 

3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT1 62373 


SN74LVT1 62373 


UNIT 


MIN MAX 


MIN MAX 


V|K 


Vcc = 27V, l|=-18mA 


-1.2 


-1.2 


V 
V 


VoH 


VcC = 3V, l 0 H = -12mA 


2 


2 


vql 


Vcc = 3V, loL = 12mA 


0.8 


0.8 


V 


ii 


Vcc = 0 or MAX*, V| = 5.5 V 


10 


10 




Vcc = 3-6 V, V| = Vcc or GND 


Control pins 


±1 


±1 


V C C = 3.6 V, V| = V C C 


Data pins 


1 


1 


Vcc = 3-6 V, V| = 0 


-5 


-5 


1 rr 

'off 


Vcc = 0. V| or Vq = 0 to 4.5 V 




xlUU 


■ ■A 
[LA 


'l(hold) 


V C C = 3V 


V| = 0.8 V 


A inputs 


75 


75 


\iA 


V| = 2 V 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vo = 3 V 


1 


1 


liA 


'OZL 


Vcc = 3.6 V, V 0 = 0.5 V 


-1 


-1 


\iA 


'cc 


V C C = 3.6 V, 'O = 0, 
V| = Vcc o r GND 


Outputs high 


0.19 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.19 


0.1 


AI C C § 


Vcc = 3 V to 3.6 V, One input at Vcc ~ 06 v , 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3VorO 






PF 


C 0 


Vq = 3VorO 






PF 



t All typical values are at Vcc = 3 -3 V, Ta = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVT1 62374, SN74LVT1 62374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

JULY 1993 



Output Ports Have Equivalent 22-£2 Series 
Resistors, So No External Resistors Are 
Required 

State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

Member of the Texas Instruments 
Widebus™ Family 

Supports Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V V CC ) 

Supports Unregulated Battery Operation 
Down to 2.7 V 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V cc = 3.3 V, T A = 25°C 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors 
Distributed Vqq and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



SN54LVT1 62374 ... WD PACKAGE 
SN74LVT1 62374 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



1 


u 

48 


2 


47 


3 


46 


4 


45 


5 


44 


6 


43 


7 


42 


8 
9 


41 
40 


10 


39 


11 


38 


12 


37 


13 


36 


14 


35 


15 


34 


16 


33 


17 


32 


18 


31 


19 


30 


20 


29 


21 


28 


22 


27 


23 


26 


24 


25 



] 1CLK 
] 1D1 
] 1D2 

]gnd 

] 1D3 
] 1D4 

]v cc 

J 1D5 
] 1D6 

]gnd 

] 1D7 

] 1D8 

]2D1 

]2D2 

] GND 

]2D3 

]2D4 

]v cc 

J2D5 
]2D6 

]gnd 

]2D7 



description 



The 'LVT1 62374 is a 1 6-bit edge-triggered D-type flip-flop with 3-state outputs designed for low-voltage (3.3-V) 
V CC operation, but with the capability to provide a TTL interface to a 5-V system environment. It is particularly 
suitable for implementing buffer registers, I/O ports, bidirectional bus drivers, and working registers. 

The 'LVT1 62374 can be used as two 8-bit flip-flops or one 1 6-bit flip-flop. On the positive transition of the clock 
(CLK), the Q outputs of the flip-flop take on the logic levels set up at the D inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

The output-enable (OE) input does not affect internal operations of the flip-flop. Old data can be retained or new 
data can be entered while the outputs are in the high-impedance state. 



Widebus is a trademark of Texas Instruments Incorporated. 
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SN54LVT1 62374, SN74LVT162374 

3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 



description (continued) 

The outputs, which are designed to source or sink up to 1 2 mA, include 22-Q series resistors to reduce overshoot 
and undershoot. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN74LVT1 62374 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54LVT1 62374 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVT1 62374 is characterized for operation from -40°C to 85°C. 



logic symbolt 



10E 
1CLK 

20E 
2CLK 

1D1 
1D2 
1D3 
1D4 
1D5 
1D6 
1D7 
1D8 
2D1 
2D2 
2D3 
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2D6 
2D7 
2D8 



48 



24 



25 



1EN 

> C1 
2EN 

> C2 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 
Q 


OE 


CLK 


D 


L 


t 


H 


H 


L 


T 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


z 



47 


1D 1 V 


2 


46 


3 




44 




5 




43 




6 




41 




8 




40 


9 




38 


11 




37 


12 




36 




13 


2D 2 V 


35 


14 




33 


16 




32 


17 




30 


19 




29 


20 




27 




22 




26 




23 











1Q1 
1Q2 
1Q3 
1Q4 
1Q5 
1Q6 
1Q7 
1Q8 
2Q1 
2Q2 
2Q3 
2Q4 
2Q5 
2Q6 
2Q7 
2Q8 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 617-12. 



logic diagram (positive logic) 
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1CLK 
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v 
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SN54LVT162374, SN74LVT162374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

JULY 1993 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, Iq 30 mA 

Current into any output in the high state, Iq (see Note 2) 30 mA 

Input clamp current, l|K (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ~~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 







SN54LVT1 62374 


SN74LVT1 62374 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-12 


-12 


mA 


lOL 


Low-level output current 


12 


12 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


ta 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 
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3.3-VABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT1 62374 


SN74LVT1 62374 


UNIT 


MIN MAX 


MIN MAX 


V| K 


V C c = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 
V 


v Un 


V C C = 3V, l 0 H = -12mA 


2 


2 


Vm 
V UL 


VCC = 3V, loL=12mA 


0.8 


0.8 


v 


•l 


V C C = 0orMAXt, , V| = 5.5V 


10 


10 


uA 


Vqc = 3.6 V, V| = Vcc or GND 


Control pins 


±1 


+1 


V C C = 3.6V, V| = V C C 


Data pins 


1 


1 


Vqc = 3.6 V, V| = 0 


-5 


-5 


'off 


Vcc = °- v l or Vq = 0 to 4.5 V 




±100 


uA 




V C C = 3V 


V| = 0.8V 


A inputs 


75 


75 




V| = 2 V 


-75 


-75 


'OZH 


V C C = 3.6 V, V 0 = 3 V 


1 


1 


uA 


'OZL 


Vcc = 3.6 V, V O = 0.5V 


-1 


-1 


uA 


'cc 


V C C = 3.6 V, l O = 0, 
V| = Vcc or GND 


Outputs high 


0.19 


0.1 


mA 


Outputs low 


5 


5 


Outputs 
disabled 


0.19 


0.1 


AI C C § 


Vcc = 3 V to 3.6 V, One input at Vcc ~ 0 6 v > 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 






PF 


C 0 


V 0 = 3VorO 






PF 



t All typical values are at Vcc = 3 -3 V, Ta = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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General Information 



1 



ABT Octals 


2 


ABT Widebus™ 




ABTE/ETL Widebus™ El 


ABT Widebus+™ 


5 


ABT Memory Drivers 


6 


ABT 25-Q Incident-Wave Switching Drivers |Q 


Futurebus+/BTL Transceivers 


8 


ABT JTAG/IEEE 1149.1 


9 


LVT JTAG/IEEE 1149.1 


10 


LVT Octals 


11 


LVT Widebus™ 


12 


LVT Memory Drivers 


~ 


LVT/GTL Widebus™ 


14 


Application Notes and Articles 


15 


ABT Characterization Information 


16 


Mechanical Data 


17 
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LVT/GTL Widebus™ 



Features 

High-speed GTL/TTL translating 

Output edge-rate control (OEC™) options 

EPIC-IIB™ BiCMOS process with special 
low-voltage enhancements 

Mixed-mode signal operation on A port 

Bus-hold circuitry 

Power-on-demand active feedback 
circuitry 

Widebus™ and UBT™ architectures 

JEDEC SSOP (Widebus™) and EIAJ 
TSSOP (Shrink Widebus™) packaging 



Benefits 

• 3.3-V logic family with equivalent speed 
and drive performance of 5-V ABT logic 
family - not just a recharacterized or 
scaled CMOS 

• Complete input and output compatibility 
with 5-V signals combined with a pure 
3.3-V internal supply signal - provides 
bidirectional 3-V to 5-V translation 

• Reduces component count by eliminating 
need for external pullup or pulldown 
resistors on I/O pins configured as inputs 
left unused or floating 

• Reduces disabled static power 
consumption (Iqcz) t0 as little as °- 1 m A 
for power-conscious portable and 
battery-powered equipment 

• 1 6- and 1 8-bit densities for flexible 
integration 

• Space-saving and height-saving 
surface-mount package options, pin 
compatible with existing 5-V families for 
easy conversion 

• Ideal for high-speed bus applications 

• Standardization that comes from a 
common product approach 
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Translates Between GTL Signal Levels and 
LVCMOS, LVTTL, or 5-V TTL Signal Levels 

Member of the Texas Instruments 
Widebus™ Family 

Supports Mixed-Mode Signal Operation on 
A Port (5-V Input and Output Voltages With 
3.3-VVcc) 

State-of-the-Art BiCMOS Design for 
Low-Static Power Dissipation 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops With Qualified Storage Enable 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors on A Port 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages 



DGG OR DL PACKAGE 
(TOP VIEW) 



description 





i u 






OEAB [ 


56 


] CEAB 


LEAB [ 


2 


55 


] CLKAB 


A1 [ 


3 


54 


] B1 


GND [ 


4 


53 


] GND 


A2 [ 


5 


52 


] B2 


A3 [ 


6 


51 


] B3 


3.3-VVrr [ 


7 


50 


1 5-V Vrr 


A4 [ 


8 


49 


] B4 


A5 [ 


g 


48 


] B5 


A6 [ 


10 


47 


] B6 


GND [ 


11 


46 


] GND 


A7 [ 


12 


45 


] B7 


A8 [ 


13 


44 


] B8 


A9 [ 


14 


43 


] B9 


A10 [ 


15 


42 


] B10 


A11 [ 


16 


41 


] B11 


A12 [ 


17 


40 


] B12 


GND [ 


18 


39 


] GND 


A13 [ 


19 


38 


] B13 


A14 [ 


20 


37 


] B14 


A15 [ 


21 


36 


] B15 


3.3-VVcc [ 


22 


35 


]V REF 


A16 [ 


23 


34 


] B16 


A17 [ 


24 


33 


] B17 


GND [ 


25 


32 


]GND 


A18 [ 


26 


31 


] B18 


OEBA [ 


27 


30 


] CLKBA 


LEBA [ 


28 


29 


] CEBA 



This 1 8-bit registered bus transceiver combines 
D-type latches and D-type flip-flops to allow data 
flow in transparent, latched, and clocked modes. 

The B port operates at GTL levels while the A port and control pins are compatible with LVCMOS, LVTTL, or 
5-V TTL logic levels. 



Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock ( CLKAB and CLKBA) inputs. The clock or latch-enable can be controlled by the chip-enable (CEAB 
and CEBA) inputs. For A-to-B data fl ow, the device operates in the transparent mode when LEAB is high. When 
LEAB is low, the A data is latched if CEAB is low and CLKAB is held at a high or low logic l evel. If LEAB is low, 
the A-bus dat a is sto red in the latch/fli p-flop o n the low-to-high transition of CL KAB if CEAB is also low. 
Output-enable OEAB is active-low. When OEAB is low, the outputs are active. When O EAB is h igh, the outputs 
are i n the h igh-impedance state. Data flow for B to A is similar to that of A to B but uses OEBA, LEBA, CLKBA, 
and CEBA. 

To ensure the high-impedance state during power-up or power-down, OE should be tied to V<x through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74LVT1 661 1 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin count 
and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN74LVT1 661 1 is characterized for operation from 0°C to 70°C. 



Widebus and UBT are trademarks of Texas Instruments Incorporated. 

PRODUCT PREVIEW Information concerns products in the formative or — Copyright © 1 993, Texas Instruments Incorporated 

design phase of development. Characteristic data and other __ 

specifications are design goals. Texas Instruments reserves the right to TVv A C 

change or discontinue these products without notice. *m I KX AS 
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FUNCTION TABLEt 



INPUTS 


OUTPUT 


MODE 


ACAD 
Is CAD 


HEAR 


1 CAR 
LEAD 


f*l If AB 
l*l_IVAD 


A 
A 


B 




X 


H 


X 


X 


X 


z 




L 


L 


L 


H 


X 


B 0 * 


Latched storage of A data 


L 


L 


L 


L 


X 


B 0 § 




X 


L 


H 


X 


L 


L 










X 


H 


H 


Transparent 


X 


L 


H 


L 


L 


L 


T 


L 


L 




L 


L 


L 


T 


H 


H 


Clocked storage of A data 


H 


L 


L 


X 


X 


B 0 § 


Clock inhibit 



t A-to-B data flow is shown: B-to-A data flow is similar but uses OEBA, LEBA, CLKBA, and 
CEBA. 

t Output level before the indicated steady-state input conditions were established, provided 

that CLKAB was high before LEAB went low. 
§ Output level before the indicated steady-state input conditions were established. 



logic diagram (positive logic) 



OEAB 



CEAB 



CLKAB 



56 



55 



LEAB 



LEBA 



28 



CLKBA 



CEBA 



OEBA 



30 



29 



27 



A1 



-O 

-o 



CE 
1D 
C1 
CLK< 



CE 
1D 
C1 

> CLK 



GTL 



54 



B1 



To 17 Other Channels 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, 3.3-V Vcc -0.5 V to 4.6 V 

Supply voltage range, 5-V V<x -0.5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output In the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any A-port output in the low state, Iq 128 mA 

Current into any B-port output in the low state, Iq 80 mA 

Current into any A-port output in the high state, Iq (see Note 2) 64 mA 

Input clamp current, l||< (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at TX = 55°C (in still air): DGG package 1 W 

DL package 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vqc- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


vcc 


Supply voltage, 3.3 V 


3.15 3.3 3.45 


V 


Supply voltage, 5 V 


4.75 5 5.25 


V REF Supply voltage 


0.8 


v 


V| Input voltage 


Bport 


vcc 


v 


Except B port 


5.5 


Vm High-level input voltage 


Bport 


vref 

+50 mV 


v 


Except B port 


2 


V||_ Low-level input voltage 


Bport 


vref 

-50 mV 


v 


Except B port 


0.8 


l|K Input clamp current 


-18 


mA 


lOH High-level output current 


A port 


-32 


mA 


Iql Low-level output current 


A port* 


64 


mA 


Bport 


40 


Ta Operating free-air temperature 


0 70 


°C 



t Current duty cycle £ 50%, t > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range, Vref = 0 8 v 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|K 




V C c = 3.15 V, l|=-18mA 


-1.2 


V 


VOH 


A port 


Vcc = MIN to MAX*, Iqh = - 1 00 uA 


V C C -0.2 


V 


V C C = 3.15 V 


l 0 H=-8mA 


2.4 


Iqh = - 32 mA 


2 


vol 


A port 


V C C = 3.15 V 


•OL= 100 uA 


0.2 


V 


•OL= 16 mA 


0-4 


Iql = 32 mA 


0.5 


IQL = 64 mA 


0.55 


Bport 


Vcc = 3.15 V, loL = 40mA 


0.4 


•i 


Control pins 


Vcc = 0 or MAX*, V| = 5.5 V 


10 


uA 


Aport§ 


Vcc = 3-45 V 


V| = 5.5 V 


20 


uA 


V| = V CC 


1 


V| = 0 


-5 


B port 


V C C = 3.45 V 


v, = v C c 


5 


V| = 0 


-5 


'off 


A port 


v C c = o 


V| or Vq = 0 to 4.5 V 


100 


uA 


B port 


V|orVo = 0to1.2V 


100 


hfliold) 


A port 


V C C = 3.15 V 


V| = 0.8 V 


75 


UA 


V| = 2 V 


-75 


'OZH 


A port 


Vcc = 3-45 V 


V 0 = 3V 


1 


uA 


Bport 


Vo=12V 


10 


•OZL 


A port 


V C C = 3.45 V 


Vo = 0.5 V 


-1 


uA 


Bport 


Vq = 0.4 V 


-10 


•cc 


A port to B port 


V C C = 3.45 V, lo = 0, 
V|-VccorGND 




mA 


B port to A port 




Outputs disabled 




Alec 11 


Vcc = 3-45V, One input at 2.7 V, 
A or control inputs at Vcc or GND 


1 


mA 


Cj 


Control pins 


V| = 3.15VorO 


4 


PF 


Cj 0 


A port 


VQ = 3.15VorO 


10 


PF 


Cj 0 


Bport 


PerlEEE1194.0-1991 


5 


PF 



t All typical values are at Vcc = 3 3 V, = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, Vref = 0-8 V (unless otherwise noted) 





MIN MAX 


UNIT 


f c!ock Clock frequency 


0 150 


MHz 


t w Pulse duration 


1 CAD r\r 1 CD& Iti/iK 

LbAb or LtbA nign 




ns 


olkad or oi_K.bA nign or low 






a oetore L/Li\Ab i 


1.5 






b oetore oi_i\Ab i 


3 






A Kafnra 1 CAD 1 
A D6TO18 LEAD^ 


0.5 




t su Setup time 


D kafnrA 1 CD A 1 

b DOTOre LbbA^ 


1.5 


ns 


ucAb Detore ULivAb i 






PFRA hofnrp PI KRAT 








CEAB before LEAB4, 








CEBA before LEBA4, 








A after CLKABt 


1 






B after CLKABt 


0 






A after LEABi 


2.5 




t n Hold time 


B after LEBAl 


2 


ns 


CEAB after CLKABT 






CEBA after CLKBAT 








CEAB after LEABi 








CEBA after LEBAi 







switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, V REF = 0.8 V (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


MIN TYP MAX 


UNIT 


frriax 








MHz 


tPLH 


A 


B 


3.2 


ns 


tPHL 


3.2 


tPLH 


LEAB 


B 


4 


ns 


tPHL 


4 


tPLH 


CLKAB 


B 


4.3 


ns 


*PHL 


4.3 


tPLH 




B 


4.5 


ns 


tPHL 


OEAB 


4.5 


t f 


Transition time, B outputs (0.5 V to 1 V) 


1.7 


ns 


tf 


Transition time, B outputs (1 V to 0.5 V) 


0.6 


ns 


tPLH 


B 


A 


6.5 


ns 


tPHL 


6.5 


*PLH 


LEBA 


A 


6.3 


ns 


tPHL 


6.3 


tPLH 


CLKBA 


A 


6.3 


ns 


tPHL 


6.3 


*EN 




A 


5.5 


ns 


*DIS 


OEBA 


6 
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PARAMETER MEASUREMENT INFORMATION 



From Output _ 



Under Test 

Cl = 50 pF ; 
(see Note A) 



500 Q 

— vw— 



500 ft 



6V 



S1 



O Open 
9 GND 



1.2 V 



25 ft 

From Output ; 

Under Test 

C L = 30pF ^L- 
(seeNoteA) 



Test 
Point 



TEST 


S1 


tPLHtPHL 
tPLZ^PZL 
tpHZ^PZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR A OUTPUTS 



LOAD CIRCUIT FOR B OUTPUTS 



— \y v — 

Input VmV* jtVmV 



3V 



0V 



VOLTAGE WAVEFORMS 
PULSE DURATION 
(Vm = 1 .5 V for A port and 0.8 V for B port) 




V 0 H 
VOL 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
(A port to B port) 



Input 
(see Note 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
(B port to A port) 



Timing 
Input 



Data 
Input 



Vm V 



*su 



VmV 



3V 
0V 

3V 
0V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
(Vm = 1 .5 V for A port and 0.8 V for B port) 



Output 
Control 
(see Note B) 



*PZL- 



Output 
Waveform 1 
S1at6V 
(see Note C) 

Output 
Waveform 2 
(see Note C) 



\1.5V /1.5 V 
L 



I tpLZ->| |4- 



3V 



0V 



3V 



tpzH -H K~ 



*PHZ 



0.3 V 

- vql 



V OH 

VQH-03V 



= 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
(A port) 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Ail input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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Translates Between GTL Signal Levels and 
LVCMOS, LVTTL, or 5-V TTL Signal Levels 

Member of the Texas Instruments 
Widebus™ Family 

Supports Mixed-Mode Signal Operation on 
A Port (5-V Input and Output Voltages With 
3.3-V V CC ) 

State-of-the-Art BiCMOS Design for 
Low-Static Power Dissipation 
UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops With Qualified Storage Enable 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Bus-Hold Data Inputs Eliminate the Need 
for External Pullup Resistors on A Port 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages 



description 



DGG OR DL PACKAGE 
(TOP VIEW) 



OEAB 
LEAB 
A1 
GND 
A2 
A3 

3.3-V V CC 
A4 
A5 
A6 
GND 
A7 
A8 
A9 
A10 
A11 
A12 
GND 
A13 
A14 
A15 
3.3-V V CC 
A16 
A17 
GND [ 
CLKIN 
OEBA [ 
LEBA [ 



] CEAB 
] CLKAB 
]B1 
]GND 
] B2 
] B3 

]5-V V CC 
] B4 
]B5 
] B6 
] GND 
]B7 
] B8 
] B9 
42 ] B10 
41 ] B11 
40 ] B12 
39 ] GND 
38 ] B13 
37 ] B14 
36 ] B15 
35 ] V REF 
34 ] B16 
33 ] B17 
32 ] GND 
31 ] CLKOUT 
30 ] CLKBA 
29 ] CEBA 



This 1 7-bit registered bus transceiver combines 
D-type latches and D-type flip-flops to allow data 
flow in transparent, latched, and clocked modes. 
It provides for a copy of CLKAB at GTL logic levels 
(CLKOUT). It also provides a conversion of the 
GTL clock to a TTL environment (CLKIN). 

The B port operates at GTL levels while the A port and control pins are compatible with LVCMOS, LVTTL, or 
5-V TTL logic levels. 



Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock ( CLKAB and CLKBA) inputs. The clock or latch-enable can be controlled by the chip-enable (CEAB 
and CEBA) inputs. For A-to-B data fl ow, the device operates in the transparent mode when LEAB is high. When 
LEAB is low, the A data is latched if CEAB is low and CLKAB is held at a high or low logic l evel. If LEAB is low, 
the A-bus dat a is sto red in the latch/fli p-flop o n the low-to-high transition of CL KAB if CEAB is also low. 
Output-enable OEAB is active-low. When OEAB is low, the outputs are active. When O EAB is h igh, the outputs 
are i n the h igh-impedance state. Data flow for B to A is similar to that of A to B but uses OEBA, LEBA, CLKBA, 
and CEBA. / 

To ensure the high-impedance state during power-up or power-down, OE should be tied to Vcc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 



Widebus and UBT are trademarks of Texas Instruments Incorporated. 



PRODUCT PREVIEW information concerns products in the formative or — Copyright © 1 993, Texas Instruments Incorporated 

design phase of development. Characteristic data and other _]rf%_ __ 

specifications are design goals. Texas Instruments reserves the right to TVvAC 

change or discontinue these products without notice. \f lfcyvrV-) 
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description (continued) 

The SN74LVT1 661 5 is available in TPs shrink small-outline package (DL), which provides twice the I/O pin count 
and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN74LVT1 661 5 is characterized for operation from 0°C to 70°C. 



FUNCTION TABLET 



INPUTS 


OUTPUT 




CEAB 


OEAB 


LEAB 


CLKAB 


A 


B 


MODE 


X 


H 


X 


X 


X 


Z 




L 


L 


L 


HorL 


X 


B 0 * 


Latched storage of A data 


L 


L 


L 


HorL 


X 


B 0 § 




X 


L 


H 


X 


L 


L 








H 




H 


H 


Transparent 


X 


L 


X 


L 


L 


L 


T 


L 


L 












H 


H 


Clocked storage of A data 


L 


L 


L 


T 


H 


L 


L 


X 


X 


B 0 § 


Clock inhibit 



t A-to-B data flow is shown: B-to-A data flow is similar but uses OEBA, LEBA, CLKBA, and 
CEBA. 



t Output level before the indicated steady-state input conditions were established, provided 

that CLKAB was high before LEAB went low. 
§ Output level before the indicated steady-state input conditions were established. 
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logic diagram (positive logic) 

j -h> — 



OEAB 



CLKAB 



55 



LEAB 



LEBA 



28 



CLKBA 



CEBA 



30 



29 



OEBA 



27 



A1 



CLKIN 



26 



CE 
1D 
C1 
CLK< 



CE 
1D 
C1 

> CLK 



GTL 



One of 17 Channels 



54 



B1 



GTL 



31 



CLKOUT 



UJ 

> 

111 

cc 

Q_ 

t— 
O 
3 
Q 
O 
OC 
Q. 



^ Texas 
Instruments 

POST OFFICE BOX 655303 •DALLAS, TEXAS 75265 14-11 



SN74LVT16615 

17-BIT GTULVT UNIVERSAL BUS TRANSCEIVER 
WITH BUFFERED CLOCK OUTPUTS 

MARCH 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, 3.3 V, Vqc -0.5 V to 4.6 V 

Supply voltage range, 5 V, Vqc ■ -0.5 V to 7 V 

Input voltage range, Vj (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any A-port output in the low state, \q 128 mA 

Current into any B-port output in the low state, \q 80 mA 

Current into any A-port output in the high state, Iq (see Note 2) 64 mA 

Input clamp current, l|K (V| < 0) -50 mA 

Output clamp current, Iqk ( v 0 < °) ~ 50 mA 

Maximum power dissipation at T/\ = 55°C (in still air): DGG package 1 W 

DL package — 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
2. This current will only flow when the output is in the high state and Vq > Vcc- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


vcc 


Supply voltage, 3.3 V 


3.15 3.3 3.45 


V 


Supply voltage, 5 V 


4.75 5 5.25 


Vref Supply voltage 


0.8 


V 


V| Input voltage 


B port 


vcc 


V 


Except B port 


5.5 


Vm High-level input voltage 


B port 


vref 

+50 mV 


V 


Except B port 


2 


V|l Low-level input voltage 


B port 


Vref 

-50 mV 


V 


Except B port 


0.8 


l|K Input clamp current 


-18 


mA 


IfjH High-level output current 


A port 


-32 


mA 


Iql Low-level output current 


A portt 


64 


mA 


Bport 


40 


Ta Operating free-air temperature 


0 70 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range, Vref = °- 8 v 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|K 




Vcc = 3.15 V, l| = -18mA 


-1.2 


V 


V 0 H 


A port 


Vcc = MIN to MAX*, Iqh = " 1 00 |iA 


V C C "0.2 


V 


V C C = 3.15 V 


lOH = " 8 mA 


2.4 


Iqh = - 32 mA 


2 


vol 


A port 


V C C = 3.15 V 


IOL= 100 uA 


0.2 


V 


IOL = 16 mA 


0.4 


lOL = 32 mA 


0.5 


Iql = 64 mA 


0.55 


Bport 


Vcc = 3.15 V, loL = 40mA 


0.4 


ii 


Control pins 


Vcc = 0 or MAX*, V| = 5.5V 


10 


UA 


Aport§ 


Vcc = 345 V 


V| = 5.5V 


20 


HA 


V| = V CC 


1 


V| = 0 


-5 


B port 


Vcc = 3-45 V 


V| = V CC 


5 


V| = 0 


-5 


1 rr 

'off 


A port 


v C c = o 


V| orVo = 0to4.5V 


100 


uA 


Bport 


V| orVo = 0to1.2V 


100 


'l(hold) 


A port 


V C C = 3.15 V 


V| = 0.8V 


75 


HA 


V| = 2 V 


-75 


'OZH 


A port 


Vcc = 345 V 


V 0 = 3V 


1 


HA 


Bport 


V 0 = 1-2V 


10 


'OZL 


A port 


Vcc = 3-45 V 


V O = 0.5V 


-1 


\iA 


Bport 


Vq = 0.4 V 


-10 


'CC 


A port to B port 


Vcc = 3.45 V, '0 = 0, 
V| - Vcc or GND 




mA 


B port to A port 




Outputs disabled 




Alec 11 


Vcc = 3.45 V, One input at 2.7 V, ^ 
A or control inputs at Vcc or GND 


1 


mA 


Cj 


Control pins 


V| = 3.15VorO 


4 


PF 


Qo 


A port 


Vo = 3.15VorO 


10 


PF 


Qo 


Bport 


Per IEEE1 194.0-1 991 


5 


PF 



t All typical values are at Vcc = 3 3 V, Ta = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, V REF = 0.8 V (unless otherwise noted) 





MIN MAX 


UNIT 


f clock Clock frequency 


0 150 


MHz 


t.. ( Pul^p rlu ration 


LEABorLEBAhigh 




ns 


CLKAB or CLKBA high or low 






A before CLKABT 


1.5 






B before CLKABT 


3 






A before LEABi 


0.5 




^su Setup time 


B before LEBAi 


1.5 


ns 


CEAB before CLKABT 






CEBA before CLKBAT 








CEAB before LEABi 








CEBA before LEBAi 








A after CLKABT 


1 






B after CLKABT 


0 






A after LEABi 


2.5 




t n Hold time 


B after LEBAi 


2 


ns 


CEAB after CLKABT 






CEBA after CLKBAT 








CEAB after LEABi 








CEBA after LEBAi 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, Vref = 0.8 V (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


MIN TYP MAX 


UNIT 


f max 








MHz 


tPLH 


A 


B 


3.2 


ns 


tPHL 


3.2 


tPLH 


LEAB 


B 


4 


ns 


tPHL 


4 


tPLH 


CLKAB 


B 


4.3 


ns 


tPHL 


4.3 


tPLH 


CLKAB 


CLKOUT 


2.3 6.5 


ns 


tPHL 


2.3 6.5 


tPLH 




B 


4.5 


ns 


tPHL 


OEAB 


4.5 


tr 


Transition time, B outputs (0.5 V to 1 V) 


1.7 


ns 


tf 


Transition time, B outputs (1 V to 0.5 V) 


0.6 


ns 


tPLH 


B 


A 


6.5 


ns 


tPHL 


6.5 


tPLH 


LEBA 


A 


6.3 


ns 


tPHL 


6.3 


tPLH 


CLKBA 


A 


6.3 


ns 


tPHL 


6.3 


tPLH 


CLKOUT 


CLKIN 


4 13.5 


ns 


tPHL 


4 13.5 


*en 




A 


5.5 


ns 


*dis 


OEBA 


6 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 Q 

-AA/V- 



500 a 



6V 



S1 



A f O Open 
? GND 



1.2 V 



25 Q 

From Output 

Under Test 

C L = 30 pF - 
(see Note A) 



Test 
Point 



TEST 


S1 


tPLHflPHL 
t PLZ /tp ZL 
tPHZ^PZH 


Open 
6V 
GND 



LOAD CIRCUIT FOR A OUTPUTS 

ta W H 



LOAD CIRCUIT FOR B OUTPUTS 



— y V — 

Input VmVjt j(VmV 



3 V 



0V 



VOLTAGE WAVEFORMS 
PULSE DURATION 
(Vm = 1 .5 V for A port and 0.8 V for B port) 



Input 
(see Note 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
(A port to B port) 



Input 
(see Note 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
(B port to A port) 



Timing 
Input 



Data 
Input 



XvmV 




i 


^(vmV 


3^VmV 



3V 
0V 



3V 
0V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
(Vm = 1 .5 V for A port and 0.8 V for B port) 



Output 
Control 
(see Note B) 



Output 
Waveform 1 
S1 at 6 V 
(see Note C) 

Output 
Waveform 2 
(see Note C) 



\ 1.5 V TM.5V 

A £____ ov 



tPLZ-^| H- 

I I 



3V 



,3 V 



tpZH -M H- 



tPHz-^ k- 



VOL 




OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
(A port) 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74GTL16821 
20-BIT FLIP-FLOP 
WITH GTL I/O LEVELS 



EPIC-IIB™ (Enhanced-Performance 
Implanted CMOS) Submicron Process 

Members of the Texas Instruments 
Widebus™ Family 

Provides GTL Signals Levels on Both 
Inputs and Outputs 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model 
(C = 200 pF, R = 0) 

Distributed V cc and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes 
PCB Layout 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages 



DGG OR DL PACKAGE 
(TOP VIEW) 



description 



10E[ 1 
1Q1 [ 2 
1Q2[ 3 
GND[ 4 
1Q3[ 5 
1Q4[ 6 
V CC [7 
1Q5[ 8 
1Q6[ 9 
1Q7[ 10 
GND[ 11 
1Q8[ 12 
1Q9[ 13 
1Q10[ 14 
2Q1 [ 15 
2Q2[ 16 
2Q3[ 17 
GND[ 18 
2Q4[ 19 
2Q5 [ 20 
2Q6 [ 21 
V C c[ 22 
2Q7 [ 23 
2Q8[ 24 
GND[ 25 
2Q9 [ 26 
2Q10[ 27 
20E [ 28 



XT 



]1CLK 

]1D1 

]1D2 

]GND 

]1D3 

]1D4 

]V C C 
]1D5 
]1D6 
]1D7 
]GND 
]1D8 
]1D9 
]1D10 
]2D1 
]2D2 
]2D3 
] GND 
]2D4 
]2D5 
]2D6 

]Vr EF 
]2D7 
]2D8 
]GND 
]2D9 
]2D10 
]2CLK 



The SN74GTL16821 has 20 single-bit flip-flops 
which are designed to provide terminated GTL 
logic levels. 

The device can be used as two 1 0-bit flip-flops or 
one 20-bit flip-flop. The 20 flip-flops are 
edge-triggered D-type flip-flops. The 
SN74GTL16821 provides true data at the Q 
outputs on the positive transition of the clock 
(CLK) input. 

The output-enable (OE) input can be used to place the outputs in a high state.The output-enable input does not 
affect the internal operation of the flip-flops. Old data can be retained or new data can be entered while the 
outputs are in the high-impedance state. 

The SN74GTL16821 is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN74GTL16821 is characterized for operation from 0°C to 70°C. 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 
Q 


OE 


CLK 


D 


L 


T 


H 


H 


L 


T 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


z 



EPIC-IIB and Widebus are trademarks of Texas Instruments Incorporated. 
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logic diagram (positive logic) 



10E- 



1CLK- 



56 



1D1 



55 



> C1 
1D 



1Q1 



V 

To Nine Other Channels 



20E- 



28 



2CLK- 



29 



2D1 



42 



f 1> C1 

1D 



15 



2Q1 



v — 

To Nine Other Channels 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqq -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 4.6 V 

Current into any output in the low state, \q 80 mA 

Input clamp current, l|K (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < 0 or Vq > 0) ±50 mA 

Continuous current through Vqq or GND pins . ±100 mA 

Maximum power dissipation at Ty\ = 55°C (in still air): DGG package 1 W 

DL package 1 W 

Storage temperature range -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions 





MIN 


NOM MAX 


UNIT 


vcc 


Supply voltage 


3 


3.6 


V 


Vref 


Supply voltage 


2/3 Vcc 
-2% 


08 2/3 V CC 
08 +2% 


V 


V| 


Input voltage 


0 


v C c 


V 


Voh 


High-level output voltage 


3.6 


V 


V|H 


High-level input voltage 


Vref 

+ 50 mV 


V 


V|L 


Low-level input voltage 


vref 

-50 mV 


V 


'IK 


Input clamp current 


-18 


mA 


•OL 


Low-level output current 


40 


mA 


T A 


Operating free-air temperature 


0 


70 


°C 



electrical characteristics over recommended operating free-air temperature range, Vref = 0.8 V 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|K 


Vcc = 3 V, l| = -18mA 


-1.2 


V 


vol 


Vcc = 3 V, Iql = 40 mA 


0.4 


V 


•i 


V C C = 3V 


V| = V CC 


5 




V| = 0 


-5 


'OH 


V C C = 3 V, V 0 H = 3.6 V 




[lA 


'cc 


Outputs high 


V C C = 3V, l O = 0, 
V| = Vcc or GND 




mA 


Outputs low 




Cj 


Per IEEE1 194.0-1 991 


4 


PF 


Co 


PerlEEE1194.0-1991 


6 


PF 



t All typical values are at Vqc = 3.3 V, T A = 25°C. 
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General Information 



ABT Octals 



ABT Widebus 



TM 



ABTE/ETL WldebUS 



TM 



ABT Widebus+ 

m -n- wmw It III Tmm *m Ww mm 1 



TM 



ABT Memory Drivers 



ABT 25-Q Incident-Wave Switching Drivers 



Futurebus+/BTL Transceivers 



ABT JTAG/IEEE 1149.1 



LVTJTAG/IEEE 1149.1 



LVT Octals 



LVT Widebus 



TM 



LVT Memory Drivers 



LVT/GTL Widebus 



TM 



Application Notes and Articles 
ABT Characterization Information 



Mechanical Data 



15-1 



Contents 

Page 



The Bypass Capacitor in High-Speed Environments . . 15-3 

Family of Curves Demonstrating Output Skews 

for Advanced BiCMOS Devices 15-15 

Mixing It Up With 3.3 Volts . . 1 5-29 

Package Thermal Considerations 15-39 

Recent Advancements in Bus-Interface 

Packaging and Processing 15-51 

ABT Enables Optimal System Design 15-63 



> 

•a 



o 



15-2 



The Bypass Capacitor in 
High-Speed Environments 

Advanced BiCMOS Technology 

Ramzi Ammar 
Advanced System Logic - Semiconductor Group 
Texas Instruments Incorporated 



f& Texas 
Instruments 



15-3 



IMPORTANT NOTICE 



Texas Instruments Incorporated (Tl) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers 
to obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 

Tl warrants performance of its semiconductor products and related software to current 
specifications in accordance with Tl's standard warranty. Testing and other quality control 
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific 
testing of all parameters of each device is not necessarily performed, except those mandated 
by government requirements. 

Please be aware that Tl products are not intended for use in life-support appliances, devices, 
or systems. Use of Tl product in such applications requires the written approval of the 
appropriate Tl officer. Certain applications using semiconductor devices may involve potential 
risks of personal injury, property damage, or loss of life. In order to minimize these risks, 
adequate design and operating safeguards should be provided by the customer to minimize 
inherent or procedural hazards. Inclusion of Tl products in such applications is understood to 
be fully at the risk of the customer using Tl devices or systems. 

Tl assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does Tl warrant or 
represent that any license, either express or implied, is granted under any patent right, 
copyright, mask work right, or other intellectual property right of Tl covering or relating to any 
combination, machine, or process in which such semiconductor products or services might be 
or are used. 
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Introduction 



High-speed switching environments generate noise on power lines (or planes) due to the charging and discharging of 
internal and external capacitors of an integrated circuit. The instantaneous current generated with the rising and falling 
edges of the outputs causes the power line (or plane) to ring. This behavior can violate the V^c recommended operating 
conditions or generate false signals, creating serious problems. A simple and easy solution must be considered to prevent 
such a problem from occurring. This solution is the bypass capacitor. 



Bypass Definition 



A bypass capacitor stores an electrical charge that is released to the power line whenever a transient voltage spike occurs. 
It provides a low impedance supply, thereby minimizing the noise generated by the switching outputs of the device. 



Bypassing Considerations 



A system without bypassing techniques can create severe power disturbance and cause circuit failures. Figure 1 shows 
the VqC nne °f me 'ABT541 ringing while all outputs are switching. Note that there is no bypass capacitor at the Vcc 
pin. There are a few issues that should be considered when bypassing power lines (or planes). 

- The capacitor type 

- The capacitor placement 

- The output load effect # 

- The capacitor size 



NO BYPASS CAPACITOR 




V CC = 5V, 
T A = 25°C 

Output Load = 60 pF/500 W 



Vcc ringing amplitude due to 
the switching of the outputs 



10 20 30 40 
Frequency - MHz 



50 



Figure 1. Vcc L * ne Disturbance vs Frequency 

Capacitor Type 

In a high-speed environment the lead inductances of a bypass capacitor become very critical. High-speed switching of 
a part's outputs generates high frequency noise (> 100 MHz) on the power line (or plane). These harmonics cause the 
capacitor with high lead inductance to act as an open circuit, preventing it from supplying the power line (or plane) with 
the current needed to maintain a stable level, and resulting in functional failure of the circuit. Therefore, bypassing a 
power line (or plane) from the device internal noise requires capacitors with very small inductances. That is why the 
multilayer ceramic chip capacitors (MLC) are more favorable than others for bypassing power lines (or planes). They 
exhibit negligible internal inductance, thereby allowing the charge to flow easily, when needed, without degradation. 
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Capacitor Placement 

Most of the printed circuit boards are designed to maintain a short distance between power and ground. This is done by 
laminating the power line (or plane) with the ground plane and can be electrically approximated with lumped 
capacitances as shown in Figure 2. However, this is not enough to have a reliable system, and another technique must 
be considered to provide a low-impedance path for the transient current to be grounded. This can be done by placing 
the bypass capacitor close to the power pin of the device. 



v C c 



DIELECTRIC 
Z 0 = /UC 




GND 



Figure 2. Typical Power Layout 
Why This Location Is Very important 

Consider a device driving a line from low to high having an impedance (Z = 100 £1) and a supply voltage (Vqc = 5 V) 
(see Figure 3). In order for the device to change state, an output current (I = 50 mA) is needed instantaneously. Note that 
for eight outputs switching I = 50 x 8 = 400 mA. This current is provided by the power line (or plane) in a period < the 
rise time of the output (approximately 3 ns for ABT). The bypass capacitor must supply the charge in that same period 
of time to avoid V^c drop, therefore distance becomes an important issue. Line inductances can block the charge from 
flowing, leaving the power line (or plane) disturbed. 

Using the formula for paralleled wires: 



t i 1X0 t d 
L = 1 -— Ln — 
n r 



(1) 



where d is the distance between the wires, r is the radius of the wires, 1 is the length of the wires and |Xq is the permeability 
of medium between wires, one can note that the inductance (L) is directly proportional to the distance between the lines 
as well as the length of the lines. Therefore, by reducing the loop ABCD in Figure 3, we can minimize the inductance 
and allow the capacitor to do its function more efficiently, and hence keep the noise off the power line (or plane). 




vcc 

I = 5V/100Q = 50mA 

GND 



Figure 3. Capacitive Storage (Bypass Capacitor) 

Several tests were done on an 'ABT541 device to study the behavior of its power line (or plane) as the outputs switch 
simultaneously. This data is taken at different distances from the power pin (0.3, 1, and 2 inches) using four chip 
capacitors (0.001, 0.01, 0.1, and 1 }iF), with an input frequency of 33 MHz and all eight outputs switching (worst case). 
Figure 4 shows the line disturbance increases as the capacitor is moved away from the power pin. 
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DISTANCE FROM V CC PIN = 0.3 INCHES 



DISTANCE FROM V CC PIN = 1 INCH 




i i 1 1 1 in i i i 1 1 1 1 ii i i i 1 1 1 mi 
0.001 0.010 0.100 1.000 




Chip Capacitance fiF 



4 -J 1 — i i i i mi 1 — i i 1 1 mi 1 — i i i 1 1 ni 

0.001 0.010 0.100 1.000 

Chip Capacitance jxF 



o 



DISTANCE FROM V C C PIN = 2 INCHES 



I 



I I 



I I I I I I 1 1 1 I I I I I I III I I I I I III 

0.001 0.010 0.100 1.000 



Chip Capacitance jiF 



Vcc = 5 V, T A = 25°C, Frequency = 33 MHz, Output Load = 500 ft 
| Vcc rin 9' n 9 amplitude due to the switching of the device outputs 
Figure 4. V C c Line Disturbance vs Cap Size at Different Distances 
Output Load Effect 

Capacitive loads combined with increased frequency result in higher transient current and possible Vcc oscillation. If 
the output load is purely resistive, the increase in frequency does not affect the rising and falling edge of the outputs, 
therefore not increasing the Vcc * me disturbance. Figure 5 shows the power line behavior across frequency while driving 
a resistive load only, and Figure 6 shows the same plot with an additional 60-pF capacitive load. 
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FREQUENCY = 1 MHz 



O 



i • i 



i — i ri 1 1 in 1 — i i i i mi 1 — i i i i mi 

0.001 0.010 0.100 1.000 



CHIP CAPACITANCE jxF 



FREQUENCY = 10 MHz 



I I I 



4-i 1 — i i 1 1 1 in — -i — i i 1 1 1 in 1 — i i 1 1 1 ui 

0.001 0.010 0.100 1.000 

CHIP CAPACITANCE |xF 



FREQUENCY = 33 MHz 



FREQUENCY = 50 MHz 




4-i 1 — i i 1 1 mi 1 — i i 1 1 mi 1 — i i Mini 

0.001 0.010 0.100 1.000 

CHIP CAPACITANCE ^F 




n 1 — i iii mi 

0.100 1.000 



CHIP CAPACITANCE \iF 



Distance From V cc Pin = 0.3 Inch, V cc = 5 V, T A = 25°C, Output Load = 500Q 
| Vqq ringing amplitude due to the switching of the device outputs 
Figure 5. Vcc Line Disturbance vs Cap Size With Resistive Load at Different Frequencies 
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FREQUENCY = 1 MHz 



> 5-1 

o 



~I — I I I I I III 1 — I I I 1 1 III 1 — I I I 1 1 III 



0.001 0.010 0.100 

CHIP CAPACITANCE uF 



1.000 



FREQUENCY = 10 MHz 



o 



I I 



4-i 1 — i i i i mi 1 — i i i i mi 

0.001 0.010 



i — i i i i ml 
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| Vqc rin 9 in 9 amplitude due to the switching of the device outputs 

Figure 6. V C c Line Disturbance vs Cap Size With 60-pF Load at Different Frequencies 

When driving large capacitive loads, more charge will need to be supplied to the output load, resulting in a slower rising 
or falling edge. However, if the bypass capacitor is not capable of providing the needed charge, power lines (or planes) 
start to ring and eventually oscillate causing failures across the board. These oscillations can be of a great amplitude, 
2 to 3 V p-to-p. Figure 7 shows these oscillations at four different loads (0, 60, 1 1 5 and 200 pF) using four different bypass 
capacitors (0.00 1 , 0.0 1 , 0. 1 , and 1 uF). 
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| Vqc ringing amplitude due to the switching of the device outputs 
Figure 7. Vcc Line Disturbance vs Cap Size at Different Capacitive Loads 
Capacitor Size 

How can we choose the right bypass capacitor? The most important parameter is the capability of supplying 
instantaneous current when it is needed. 

There are two ways for calculating the bypass capacitor size for a device: 

1 . One must know the amount of current needed to switch one output from low to high (I), the number of outputs 
switching (N), the time required for the capacitor to charge the line (AT), and the drop in Yqq that can be 
tolerated (AV). 

The following equation can be used: 

r IxNxAT 

C= AV (2) 
where AT and AV can be assumed. 
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For example, say one has the following parameters: AV = 0.1 V, AT = 3 ns, N = 8, and I can be obtained from either 
Figure 3, for rough estimate or from the plot in Figure 8, assuming 50-MHz frequency. We are going to use the latter 
parameter for our example, I = 44 mA. 

Then the equation is as follows: 

c = 44x10-3x8*3x10-9 = m&Q x 1Q _ 12 = QM ^ (3) 

2. Several of the capacitor manufacturers specify the maximum pulse slew rate. This allows the capacitor's 
maximum current to be calculated. For example, a 0.1 -jxF capacitor rated at 50 V/|i,s can supply: 
i = cdv/dt = 0. 1 x 50 = 5 A. This current is greater than the maximum current (I x N = 44 mA x 8 outputs 
switching = 352 mA) required by the device used in the previous example. 
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Figure 8. \qq vs Frequency 
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Conclusion 



From what was mentioned previously, one can see how important is the bypassing technique. Bypass capacitors play 
a major role in achieving reliable systems. The absence of the bypass capacitor can generate false signals and create 
major problems across the entire board. Figure 1 shows the undesired ringing caused by simultaneously switching the 
outputs of the 'ABT541. Also, choosing a capacitor with negligible lead inductance can avoid unpredictable behavior 
at high frequencies. Locating the capacitor closer to the V^c P m °f a device can avoid further complications and 
eliminate the ringing entirely. Figure 6 shows the Vqc une behavior with the bypass capacitor placed 0.3 inches away 
from the VqC pin, whereas Figure 9 shows the same plot with the same load, but the bypass capacitor is located at the 
pin, one can see the dramatic improvement achieved in the latter case. This technique can also be applied to Texas 
Instruments Widebus™ family by bypassing all V^c pins. This was proven to be the most effective method for 
eliminating the Vqc ^ me ringing. It is always important to minimize the loop between the Wqq P m > me ground, and the 
bypass capacitor. Finally, choosing the capacitor size by using either method mentioned earlier is highly recommended. 
If one considers all these issues, a good bypass technique can be achieved. 
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Figure 9. Vqc Line Disturbance vs Frequency 
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Introduction 



The data in this application note demonstrates the skew between the outputs of a sample of Texas Instruments Advanced 
BiCMOS (ABT) devices. This paper will explain which output skew is being examined, where the data for these curves 
comes from, and how the data is analyzed. Also, some of the errors that may be present in the data will be discussed. 

Skews 

Skew is a term that is used to define the difference, in time, between two different signal edges. There are several different 
types of skew currently being used, they are defined in JEDEC 99 clause 2.3.5: 

Output Skew (t s k( 0 )) - The difference between two concurrent propagation delay times that originate at 
either a single input or two inputs switching simultaneously and terminating at different outputs. 

Input Skew (t s wi)) - The difference between two propagation delay times that originate at different inputs 
and terminate ai a single output. 

Pulse Skew (t s k( p )) - The difference between the propagation delay times tpLfj and tpjjL when a single 
switching input causes one or more outputs to switch. 

Process Skew (t s k( pr p - The difference between identically specified propagation delay times on any two 
samples of an IC at identical operating conditions. 

Limit Skew (t s km) - The difference between: 1. The greater of the maximum specified values of tpm 
and tpjjL and 2. The lesser of the minimum specified values of tpLH and tpjjL. 

The skew discussed here is the skew of propagation delays across the outputs of a device. More specifically, it is the 
difference between the largest value obtained for a propagation delay and the smallest value across all of the outputs. 
For example, if output 3 has the largest propagation delay tpm and output 14 has the smallest, then the output skew for 
this device would be the difference between the propagation delays for output 3 and output 14 (see Figure 1). 

The majority of the curves presented in this paper consist of data taken on devices that have one output switching at a 
time. This produces a skew that should not be confused with the defined data sheet skew t^Q). The data sheet value for 
hk(o) 1S f° un( i by switching all of the outputs simultaneously. Two of the devices examined in this paper ('ABT 16240, 
'ABT 16500 A) include curves which present t s k( 0 ) data. 

Source of Data 

The data used to produce the curves presented in this paper was extracted from the characterization data bases used to 
set the data sheets for the devices presented. The sample size of the data base is approximately thirty devices for each 
characterization lot (wafer) used. 

The data was sorted so that the maximum skew for each device at a particular Vqc anc * temperature combination could 
be determined. Next, the maximum skew values were averaged to produce a data point for each transition. Further 
statistical analysis of this data was performed to calculate a standard deviation of the maximum skew across the devices. 
This value was then used to produce a three standard deviations data point for each V^c and temperature combination. 
The data is presented as a family of curves across VqC w ^ m eacn member of the family being an output 
skew versus temperature curve. The curves for each device are broken out by output transition (i.e. tpm, tpjjL). Each 
transition is further separated into a set of curves depicting the average skew across the devices and a set representing 
the average skew plus three standard deviations. 

For those devices ('ABT16952 and 'ABT16500A) which have registers, the data path chosen for each device was the 
path which put the device in a transparent mode. Also, for the bidirectional devices ('ABT 16245, 'ABT 16952, and 
'ABT16500A) the A-to-B direction was used. 
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Figure 1. Skew = lt PLH i4 - *PLH3' 



Sources of Error in Data 



The data in this paper was taken on an IMPACT tester, which is a piece of automatic test equipment used to characterize 
integrated circuits. The tester is offset using a golden unit which has had data taken on a lab bench setup. It is this process 
of offsetting which is the main source of error in the data. 

Briefly the tester is offset in the following manner: First the golden unit has its propagation delay measurements taken 
at 25 °C and 85°C using a pulse generator as the source and an oscilloscope as the measurement unit. The golden unit 
is then placed on the IMPACT and the data is again taken. The difference between the two values is the offset. The 25 °C 
offsets are used for the data taken at -55°C, -40°C and 25°C while the 85°C offsets are used at 85°C and 125°C. 

Great care is taken during this process to ensure that the induced error is kept to a minimum. For example, the boards 
are checked before use to ensure the output loads are correct, the oscilloscope is calibrated each day and the input signals 
are closely monitored to ensure that the intended signal is delivered to the golden unit. 

This reduction in error is quite important in this application due to the fact that the average skews for the devices are 
about 200 ps. A 20-ps error in offsets translates into an approximate error of 10% in the output skew data. 

However, it can be seen in the curves presented here that the error has been kept to a minimum and that the curves are 
fairly well behaved. 



The family of curves presented in this paper demonstrates that the Texas Instruments Advanced BiCMOS family of 
devices can be expected to produce an average skew between outputs that will remain below 400 ps for devices with 
single switching outputs. Also, when a device has its outputs switching simultaneously, the average skew across the 
outputs can be expected to remain below 700 ps. 



Conclusion 
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Figure 2. ABT16240 - Single Switching 
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Figure 3. ABT16240 - Simultaneous Switching 
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Figure 4. ABT16245 - Single Switching 
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Figure 5. ABT16952 - Single Switching 



tPLH 

AVERAGE OF OUTPUT SKEWS 





















































































































— - 


— 
















— i 


c " 








— > 













-55-40 25 85 

Temperature - °C 



125 



c 

I 

1 

3 
Q. 

3 
O 



0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0 



*PHL 

AVERAGE OF OUTPUT SKEWS 



-55-40 25 85 

Temperature - °C 



125 




X-V CC = 4.5V, Y-V CC = 5V,+/-V CC = 5.5V 



Figure 6. 'ABT16500A - Single Switching 
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Figure 7. ABT16500A - Simultaneous Switching 
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X-V CC = 4.5V, Y-V CC = 5V,+/-V CC = 5.5V 
Figure 8. ABT244 - Single Switching 
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Introduction 



The evolution to a 3.3-V supply voltage is being driven by a complex matrix of requirements. Leading the way are the 
characteristics of advanced semiconductor processing and the need to reduce system power without a corresponding 
tradeoff in system performance. Reduction of the horizontal and vertical feature sizes of transistors is the most common 
method of increasing the density of cells that can be contained in an integrated circuit. These feature sizes or geometries 
are typically represented as minimum process dimensions for advanced products such as dynamic random access 
memories (DRAMs). 

DRAM manufacturers have forecasted that all 64M-bit versions will be developed for operation from a supply voltage 
of 3.3 ± 0.3 V. For 16M-bit DRAM products there is no such rule of thumb as certain vendors expect to operate from 
3.3 V, while others will offer different product versions with differing voltage levels. An approach used by several 
manufacturers is to provide 5-V power supply operation externally with internal step-down conversion to 3.3 V. For 
static random access memories (SRAMs), manufacturers have announced that most 16M versions will operate at 3.3 V 
or lower (down to 2.7 V). 

Typical lM-bit DRAM geometries are on the order of 1.2 Jim, and it is not a problem to apply a 5-V power supply to 
this type of product. However, as the feature sizes of DRAMs shrink, the stresses of 5-V operation can preclude their 
reliable operation due to high field-effect failures. One such effect is hot-carrier injection which over time increases the 
transistor's threshold, leading to eventual nonoperation. Another field-effect concern is the breakdown of the transistor's 
gate oxide causing internal shorts. Therefore, reducing the supply voltage is one way to ensure reliable operation of 
devices fabricated in state-of-the-art processes. 

The reduction of V^c from 5 V to 3.3 V reduces the power consumed by the device which increases system reliability 
while reducing costs associated with the removal of the heat. The power consumption of a device is primarily a function 
of its capacitive load, frequency of operation, and supply voltage. However, capacitive load and frequency have a linear 
effect on a device's power consumption while supply voltage has a square relationship. Because of this square 
relationship a small reduction in voltage significantly reduces the power consumed, as illustrated in Figure 1, and is a 
driving factor towards 3.3-V operation. 



POWER CONSUMPTION 
vs 

OPERATING FREQUENCY 




0 10 20 30 40 50 

f - Operating Frequency - MHz 
Figure 1 . 3-V to 5-V Power vs Frequency Comparison 
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The Market for Low Voltage 



User demand for low- voltage products can be grouped into specific brackets depending on their performance-power 
priorities. End equipments such as multiuser servers, engineering workstations, high-end desktop PCs, and other 
high-performance motherboards favor high performance over low power, but are interested in 3.3-V products to reduce 
or eliminate bulky, noisy cooling fans in the attempt to shrink external case size for better desktop fit. Some end 
equipments favor low power at the expense of high performance such as battery-powered notebooks and palmtop 
computers, portable test equipment, and point-of-sale terminals. A few end equipments require equal priority for high 
performance and low power such as laptop computers, automotive and air/space products. 

The universal benefits to users of low- voltage products are higher reliability and lower cost. The higher reliability is 
relative to standard 5-V solutions and results from lower stress gradients on device junctions and oxides, lower buildup 
of heat due to lower power consumption, and improved signal integrity from the reduction in ground bounce and signal 
noise. Lower power consumption usually yields lower costs since power costs money to generate and heat costs money 
to dissipate. All things considered, it is desirable to use inexpensive plastic packages instead of metal or ceramic to 
dissipate heat. For battery users, an added benefit of the lower power consumption of low- voltage products is one of 
increased battery lifetime. 

Of all the end-equipment groups which can benefit from the use of low-voltage products, it appears that demand will 
be initially driven by battery-operated computers. This market segment is defined by notebook and palmtop computers, 
as well as point-of-sale terminals which are designed to capture data at remote field sites and either store it for 
downloading later or transmit it real time via an on-board transmitter. The goal for these systems is to have a battery life 
of 8 to 10 hours, roughly the equivalent of one work day or the time to complete a transcontinental airplane trip. 

The unregulated battery market is itself quite varied, however, because different batteries exhibit very different voltage 
characteristics between fully charged and discharged states. Two AA batteries provide for 3-V supply when charged, 
decreasing to about 2.7 V after use. Three NiCad batteries provide for a baseline 3.6-V supply fully charged but the 
spread actually runs from about 3 .3 V up to 3 .9 V. For now the unregulated battery market demands low- voltage products 
which are optimized to run from 2.7 V up as high as 3.9 V. Since performance is directly related to supply voltage, it 
is more important for device optimization to be extended down to 2.7 V, where devices will slow down appreciably. 

There are some barriers for low- voltage acceptance in the short term. Specification standardization remains an issue. 
Also, the access to adequate supplies of 3.3-V devices can be a problem. Generally, DRAM memories are leading the 
way into 3.3-V operation with SRAM memories close behind. Coupled with the low- voltage microprocessors now 
available, systems are being implemented with the core components operating at 3.3 V, with volume requirements not 
beginning until the '94- '95 time frame. Hindering the migration to a full 3.3-V system is the availability of support 
products such as: disk drives, LCDs, A/D converters, RF transmitters, and EPROMS. 

Migration to 3.3 V 

The need to migrate to power supplies with supply voltages less than 3.3 V has been an issue since 1984 when two 
JEDEC standards were adopted. Standard 8.0 was intended to address both regulated (3-V to 3.6-V) and unregulated 
(2-V to 3.6-V) battery applications. Standard 8.1 was intended to address higher-performance applications operating 
from a regulated power supply that could interface to a standard 5-V TTL device as well as a low-voltage device. 
Essentially Standard 8.0 established regulated low-voltage CMOS (LVCMOS) and unregulated low-voltage 
battery-operated (LVBO) interfaces, and Standard 8.1 established the low- voltage TTL (LVTTL) interface. 

Committee members have since determined that the original two standards are inadequate. Since most systems currently 
require a TTL interface, Standard 8.1 LVTTL is the most critical one being reviewed now. When ratified, the new 
LVTTL standard will present methods for interfacing with 5-V systems and contain a provision for battery-operated 
systems. Until this happens, a generic lack of compatibility will exist between the various 3.3-V and 5-V interfaces. 
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Existing solutions for 3.3-V operation have historically been 5-V products and processes characterized for 3.3-V 
operation. A CMOS process is typically chosen because of the scaling effect of the inverter thresholds with respect to 
the supply voltage. HCMOS and Advanced CMOS devices support both 5-V and 3.3-V operation by this method. One 
drawback is slower propagation delay when compared to parts specifically designed for 3-V operation. A limitation of 
many of these devices is their inability to directly interface to a 5-V system when running off a 3.3-V supply, due to 
diodes from the input and input/output (I/O) pins to VqO This limits input voltages to V^c + 0.5 V and limits direct 
connection to a 5-V system. 



Mixed-Mode Operation 

This dilemma of device incompatibility between the large installed base of 5-V systems with the newly emerging 3.3-V 
systems is a serious industry concern. Mixed-mode operation allows for direct communication between the two systems. 
Devices which support this mode must be designed for maximum input voltages of 5.5 V without any long-term 
reliability issues. Another concern is that the output drive must be capable of driving a standard-TTL backplane, while 
still providing for rail-to-rail switching for compatibility with 3-V CMOS systems. 

Figure 2 compares the standard-TTL dc interface levels with two of the emerging low- voltage standards. Low- voltage 
CMOS (LVCMOS) is a pure CMOS specification that specifies low current rail-to-rail output drive along with input 
voltage levels, Vjh and Vjl, which are ratios of Vco Low-voltage TTL (LVTTL) utilizes the standard-TTL input levels 
of 0.8 and 2 V as well as specifying a higher dc output drive than LVCMOS. To ensure interoperability between these 
three varied standards, a multipurposed low-voltage interface device must meet all of the requirements of the three 
different specifications. 



LVCMOS 
(2.7 V -3.6 V) 



3.3 V 



VOH 

V| H 
V T H 



V|L 

vol 



Vcc-0.1 

0.7 V C C 
0.5 V C C 



0.2 V C C 
0.1V 



ov 



LVTTL 
(3 V- 3.6 V) 



3.3 V 



TTL 
(4.5 V -5.5 V) 
5V 



VOH 
V| H 
V T H 

V|L 

vol 



2.4 V 
2V 

1.5 V 

0.8 V 
0.4 V 



VOH 
V|H 
VTH 



V|L 

vol 



2.4 V 
2V 

1.5 V 



0.8 V 
0.5 V 



0V 



0V 



Figure 2. Comparison of 3.3-V and 5-V Interfaces 
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LVT Family Characteristics 

To address the need for a complete low- voltage interface solution, Texas Instruments has developed a new generation 
of logic parts capable of mixed-mode operation. The LVT series of parts rely on a state-of-the-art submicron BiCMOS 
process to provide up to a 90% reduction in static power dissipation over ABT devices, and provides the following family 
characteristics: 

5.5-V maximum input voltage 

Specified 2.7- to 3.6-V supply voltage 

I/O structures that support power-on (live) insertion 

Standard TTL output drives of: 
v OH = 2 V at Iqh = -32 mA 
Vql = 0.55 V at Iql = 64 mA 

Rail-to-rail switching for driving CMOS 

Maximum supply currents of: 
^CC(L) = 1^ fliA 
IcC(H) = 250uA 
I(X(Z) = 250uA 

Propagation delays of: 
t p( j< 4.6 ns 
t pd (LEtoQ)<5.1 ns 
tp d (CLK to Q) < 6.3 ns 

Surface-mount packaging support including fine-pitch packages: 
48- and 56-pin SSOP for LVT Widebus™ 
20- and 24-pin TSSOP for standard LVT 

LVT input/output characteristics 

Figure 3 shows a simplified LVT output and illustrates the mixed-mode signal drive designed into the output stage. This 
combination of a high-drive TTL stage along with the rail-to-rail CMOS switching gives the LVT series of product 
extreme application flexibility. These parts have the same drive characteristics as 5-V ABT devices, as shown in 
Figure 4, providing the dc drive needed for existing 5-V backplanes and allowing for a simple solution to reduce system 
power via the migration to 3.3- V operation. 

Not only can LVT devices operate as 3-V-to-5-V level translators by supporting input or I/O voltages of 5.5 V with 
Wqc - 2-7 to 3.6 V, the inputs can withstand 5.5 V even when Vcc -0 V. This allows for the devices to be used under 
partial system power-down applications or when live insertion is required. 
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Figure 3. Simplified LVT Output Structure 
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Figure 4. ABT vs LVT Output Drive Comparison 



Bus Hold 

Many times devices are used in applications that do not provide a pullup or pulldown voltage to the input or I/O pin when 
the driving device goes into a high-impedance state, as in the case of CMOS buses or nonbused lines. To prevent 
application problems or oscillations, a large pullup resistor is typically used, but this consumes board area and 
contributes to driver loading. The LVT series of devices incorporate active circuitry that holds unused or floating inputs 
or I/Os at a valid logic level. This circuitry provides for a typical holding current, ±100 |i,A, that is sufficient enough 
to overcome any CMOS-type leakages. Since this is an active circuit, it does take current, approximately ±500 \iA, to 
toggle the state of the input. This current is negligible when compared to the magnitude of current that is needed to charge 
a capacitive load, and does not affect the propagation delay of the driving output. 

Conclusion 

LVT devices solve the system need for a transparent interface between the low-voltage and 5-V sections by providing 
for mixed-signal operation. The devices support live insertion or partial-power applications while providing low-input 
leakage currents. The outputs are capable of driving today's 5-V backplanes with a considerable reduction in the device's 
power consumption and are packaged in state-of-the-art fine-pitch surface-mount packages. 



Widebus is a trademark of Texas Instruments Incorporated. 
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Abstract 

In order to meet current and future system requirements of increasing speed and decreasing size, integrated circuit 
manufacturers are pushing the edge on existing packaging technology. No longer is a component's performance 
determined by process technology alone but also by the thermal limitations of its package. As a leader in package 
technology, Texas Instruments has introduced a number of fine pitch packages and is acutely aware of the thermal 
considerations which must be examined by systems designers. This paper is intended to create awareness and 
understanding of thermal issues and to explore factors which influence thermal performance. 



Introduction 



Thermal awareness became an industry concern when surface mount (SMT) packages began replacing through hole 
(DIP) packages in PCB designs. Circuits operating at the same power enclosed in a smaller package meant higher power. 
To add to the issue, systems were requiring increased through-put which resulted in higher frequencies, increasing the 
power density even further. Not only are these same concerns still haunting designers today, they are progressively 
getting more severe. 




24-Pin SOIC 
Area = 165 mm 2 



24-Pin SOIC 



Height = 2.65 mm 
Volume = 437 mm 3 
Lead Pitch = 1.27 mm 




48-Pin SSOP 
Area = 171 mm 2 



48-Pin SSOP 



Height = 2.74 mm 
Volume = 469 mm 3 
Lead Pitch = 0.635 mm 



24-Pin SSOP 
Area = 70 mm 2 



24-Pin SSOP 



Height = 2 mm 
Volume = 140 mm 3 
Lead Pitch = 0.65 mm 



100-Pin SQFP and 
100-Pin Cavity SQFP 
Area = 266 mm 2 



100-Pin SQFP 



Height = 1.5 mm 
Volume = 399 mm 3 
Lead Pitch = 0.5 mm 



Figure 1. Advanced Packages 
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A glance at Figure 1 will explain part of the reason for increased attention to thermal issues. As a baseline for comparison 
the 24-pin SOIC is pictured along with several fine-pitch packages supplied by TI, including the 24-pin SSOP (shrink 
small-outline), 48-pin SSOP and the 100-pin SQFP (shrink quad flat pack). The 24-pin SSOP (8, 9, 10 bits) allows for 
the same circuit functionality of the 24-pin SOIC to be packaged in less than half the area, while the 48-pin SSOP (16, 
18, 20 bits) occupies just slightly more area but has twice the functionality of the 24-pin SOIC. This same phenomena 
is expanded even further with the 100-pin SQFP (32 and 36 bits) which is the functional equivalent of four 24-pin or 
two 48-pin devices with additional board savings over that of the SSOP packages. As the trend in packaging technology 
continues to give way to smaller packages, attention must be focused on the thermal issues this creates. 

Reliability 

The overriding effect of increased power densities in integrated circuits is a decrease in overall system reliability. A 
direct relationship exists between junction temperature and reliability which can be shown using the Arrhenius equation. 

AF = Exp[Ea/k(l/Tl-l/T2)] (1) 

Where: 

AF = acceleration factor 

Ea = activation energy (eV) 

k = Boltzmann's constant (8.617 x 10" 5 eV/K) 

Tl = use junction temperature (K) 

T2 = stress junction temperature (K) 

The acceleration factor can be used to determine the failure rate of a given component. 

FR (failure rate) = 1/AF (2) 

Table 1 provides an example of a device with an initial junction temperature of 100°C and the calculated failure rate 
decrease as the in use junction temperature is lowered. The data given in Table 1 indicates that lower junction 
temperature will result in increased system reliability. 

Table 1 



TEMPERATURE 

°C 


AF 


FR 


% FR 
DECREASE 


100 


1 


1 


0 


90 


1.54 


0.65 


35 


80 


2.41 


0.41 


59 


70 


3.9 


0.26 


74 


60 


6.48 


0.15 


85 



Ea = 0.5eV 

% FR decrease = 1 - FR 



A better understanding of the factors which contribute to junction temperature (Tj) will provide a system designer with 
more flexibility when attempting to solve thermal issues. Device junction temperature is determined by the following: 

Tj=Ta+[0 JA xP T ] (3) 

Where: 

Tj = junction (die) temperature (°C) 
Ta * = ambient temperature (°C) 

®JA = thermal resistance of the package from the junction to the ambient (°C/W) 
Px = total power of the device (W) 

Among the things that can alter junction temperature are lower chip power consumption, longer trace length, heat sinks, 
forced airflow, package mold compound, lead frame size and material, surface area, and die size. Some of these are 
mechanically inherent to a particular package while others are controlled by the designer and are application specific. 
To understand which variables can be influenced by practicing good thermal design techniques requires a more detailed 
investigation of power considerations as well as thermal resistance measurements. 
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Power Consumption 



One way to lower the junction temperature (Tj) of a device, thus improving reliability, is to lower the power 
consumption. A variety of options are available to help achieve this, such as, low power process technologies, reduced 
output swing, and reduced power supply voltage. A close look at the power performance and advantages of several 
popular logic families will assist the designer when choosing what best fits his/her needs. 

The choices available from Texas Instruments for high speed bus-interface ranges from standard bipolar (F) to advanced 
CMOS (ACL/ACT) to state-of-the-art BiCMOS (BCT) and advanced BiCMOS (ABT). Figures 2-4 show current 
consumption comparisons of '244 functions for these technologies across frequency. As expected, the bipolar device 
consumes more current than the CMOS device at lower frequency, but as frequency increases this relationship no longer 
holds true. In fact, there exists a region in the frequency range where the CMOS device will consume more current than 
the bipolar device. The point at which they are equal is referred to as the cross-over frequency. Notice the low frequency 
where the cross-over point for ABT and ACT occurs. 
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Figure 2. Ice vs Frequency (One Switching, Unused Outputs Low) 
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Figure 3. Ice vs Frequency (All Outputs Switching) 
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Figure 4. Iqc vs Frequency (All Switching, 50% Duty Cycle Enabled) 

Typical applications for bus-interface devices require them to be disabled or in the stand-by mode during certain periods 
of time, for instance, while other devices access the bus. This can result in a large decrease in current consumption for 
ABT, BCT, and ACT devices which have low stand-by current. These values are given in the data sheets as Iqq for ACT 
and Iqcz f° r ABT (250 |iA) and BCT (= 10 mA). Current consumption data versus percent duty cycle enabled is shown 
in Figure 5. The frequency of the data is held constant at 25 MHz and all outputs are switching. 
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Figure 5. Ice vs Duty Cycle Enabled (25 MHz) 

The power consumption data provided is limited to a small range of variations, however, using this data along with 
standard formulas power consumption can be calculated for specific applications. 

Power Calculations 

When calculating the total power consumption of a circuit, both the static and the dynamic currents must be taken into 
account. 

Both bipolar and BiCMOS devices have varying static current levels depending on the state of the output (I(XL> ^CCH' 
leez)' while a CMOS device has a single value for Ice- (These values can be found in the individual data sheets.) ACT 
and ABT inputs when driven at TTL levels will also consume additional current because they may not be driven all the 
way to Vcc or GND, therefore the input transistors are not completely turned off. This value is known as AI^c and is 
also provided in the datasheet. 
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Dynamic power consumption results from the charging and discharging of both internal parasitic capacitances as well 
as external load capacitance. The parameter for ACT and AC and devices which accounts for the parasitic capacitances 
is known as C pd and is obtained using the following formula, and is found in the datasheet. 

C pd =[I CC (ciynamic)/(V cc xFi)]-C L (4) 

Where: 

Fi = input frequency (Hz) 

Vcc = supply voltage (V) 

Cl = load capacitance (F) 

Ice = measured value of current into the device 

Although a C pd value is not provided for ABT, BCT, or F devices, Iqq versus frequency curves display essentially the 
same information. The slope of the curve provides a value in the form of mA/(Mhzxbit), which when multiplied by the 
number of outputs switching and the desired frequency, provides the dynamic power dissipated by the device (without 
the load current). 

The following equations can be used to calculate total power for CMOS, Bipolar, and BiCMOS devices. 



P T ~ P S(tatic) + P D(ynamic) 

CMOS 

AC (CMOS-level inputs) 

P S = V CC x !CC 

PD = [(Cpd + C L )xV C c 2 xf 1 ]N sw 
ACT (TTL-level inputs) 

p S = V CC [ICC + (NTTL X Alec X DC d )] 
PD = [(Cpd + C L )xV cc 2xf 1 ]N sw 



(6) 



BiCMOS/Bipolar 

PS = V C C [DC en (N H x Icch/Nt + N L X Icci/N T ) 
+ (l-DC en )Iccz] + (Ntxl x Alec x DC d ) 

Note: ALqq = 0 for bipolar devices 

P D = [DC en x N sw x V cc x f ! x (V 0H - Vol) x C L ] 
+ [DC en x N sw x V cc f 2 x (mA/MHz x bit)] x 10~3 

Where: 

Vcc = supply voltage (V) 

Ice = power supply current (A) from the datasheet) 

^CCL = power supply current when outputs are in the low state (A) (from the datasheet) 

IcCH = power supply current when outputs are in the high state (A) (from the datasheet) 

^CCZ = power supply current when outputs are in the high-impedance state (A) (from the datasheet) 

Alec = power supply current when inputs are at a TTL level (A) (from the datasheet) 

DC en = % duty cycle enabled (50% = 0.5) 

DC d = % duty cycle of the data (50% = 0.5) 

Njj = number of outputs in the high state 

Nl = number of outputs in the low state 

N sw = total number of outputs switching 

Nt = total number of outputs 

fl = operating frequency (Hz) 

f 2 = operating frequency (MHz) 

V()H = output voltage in the high state (V) 

Vol = output voltage in the low state (V) 

Cl = external load capacitance (F) 

mA/(Mhzxbit) = slope of the Ice vs frequency curve 
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Thermal Resistance Values 



Design trends requiring board size reduction have made way for circuit manufacturers to produce fine-pitch packages 
which appear to threaten the reliability of systems due to further thermal constraints. As a leader in packaging 
technology, Texas Instruments has done considerable research into the validity of traditional thermal measurements and 
data provided by circuit manufacturers. 

Unlike datasheet parameters, where the industry has adopted a standard load for measurement (50 pf, 500 Q), the 
measurement of 0ja has no standard to which all manufacturers comply. The problem facing the designer wishing to 
make comparisons of thermal data from several manufacturers is that this could be an apples to oranges type comparison. 
As a result, a software package has been developed at TI to allow designers to obtain thermal data based on their specific 
application. 

The validity and usefulness of the traditional approach to presenting 0ja values became a pressing issue when TI and 
another manufacturer measured an identical package and obtained results which varied by 40%. Extensive research led 
to the conclusion that the methodology used to measure 0ja did not cause the discrepancy but the physical aspects such 
as trace length, trace width, number of devices per board, and proximity of the other devices did. 

To demonstrate the extreme impact of trace length alone, Figure 6 shows graphs of the 0ja values for Texas Instruments 
48-pin shrink small-outline package (SSOP) at 0 lfm and 250 lfm with varying trace lengths. The 48-pin SSOP is 
pictured in Figure 1 for a side by side comparison with the standard 24-pin SOIC, the 24-pin SSOP and the 100-pin SQFP. 
The data in Figure 6 clearly shows the need for more complete thermal data, not simply a single data point. 



0j A (°C/W) 
130 



110 




50 I 1 1 1 1 1 L_ 1 1 1 1 
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Trace Length (inches) 
Figure 6. 48-Pin SSOP 0ja vs Trace Length 

There are, of course, other methods to lower the 0ja of a device. Using heat sinks or blowing air across a device will 
certainly improve the ability to remove heat from its surface. Figure 7 provides 0ja data for the 48-pin SSOP with trace 
lengths of 200 mils and 1 inch while varying the amount of airflow. Although many applications tend to limit the amount 
of airflow allowed, it provides excellent benefits when possible. 
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Figure 7. 48-Pin SSOP 0ja vs Airflow 

A comparison was made of several variables which have a direct effect on 0ja values. This data is shown in Figure 8. 
Surprisingly, the major contributing factor is trace length not airflow. Once again, this validates the need for 
improvement not necessarily in the test methodology used to calculate @ja values, but certainly in the way they are 
provided. 




w 



VARIABLE 

Trace Length 
Airflow 



RANGE 

75 mils - 2000 mils 
0 LFM - 500 LFM 



Board Extension 

After Trace 0 mils - 400 mils 

Board Extension 

After Package End 0 mils - 755 mils 



1 1 1 1 Trace Thickness 1 oz - 2 oz 
p jj j) Trace Width 3 mils- 15 mils 

E553 Power 0.5 W- 1.5 W 

Total Interactions Between Factors 



% CONTRIBUTION 

41.4 
28.8 

6.5 
2.6 
2.2 

2.1 
0.1 
16.3 



Figure 8. 48-/56-Pin SSOP K-Factor Board Modeling 
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Texas Instruments has taken the step of providing 0ja values for a variety of packages (including the SOIC, SSOP and 
QSOP) in a user-friendly software package. The program allows the designer to specify his/her own conditions such 
as trace length, airflow, proximity of other devices, and trace width in order to obtain realistic thermal solutions. 

Conclusion 

How can a system avoid being a reliability nightmare in today's world where: 

• Eight-bit devices are being replaced by 16 and 32 bits in a single package, increasing the power. 

• Higher operating frequencies add to the increase in power. 

• Fine-pitch packages are reducing the amount of available surface area to remove heat from a device. 

Semiconductor manufacturers must take the first step and provide realistic and useful thermal information which will 
provide designers key variables to focus on for thermal management. 

For Further Information 

Thermal Software 

Contact the factory - (903) 868-7682 

Power Dissipation 

Advanced CMOS Logic Designer's Handbook, Texas Instruments, 1988 
SSOP Designer's Handbook, Texas Instruments, 1991 
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Introduction 



Over the past several years the advancements in semiconductor processing have been combined with advanced surface 
mount packages to offer solutions to board area concerns, as well as, providing for increased system performance. 
Figure 1 compares the reduction of the package's lead pitch to that of both CMOS and BiCMOS transistor geometries. 
This paper will explore the different types of fine pitch logic packages and the bus interface solutions provided when 
they are combined with sub-micron semiconductor processes. 
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Figure 1. Packaging/Processing Evolution 

Evolutions in Device Packaging 

With the need for increased functionality in less board area has come the consolidation of much of the board's logic into 
higher complexity devices. In many cases the discrete logic parts that remain, primarily interface/bus drivers, must 
occupy the board area leftover after the higher level chips, i.e., microprocessor, ASICs, memory, etc., have been laid 
out. To meet this task the standard small-outline Integrated circuit (SOIC) has evolved in two distinct paths. One path 
reduces the package's area and volume (see Figure 2), and the other increases the bit density of the device (see Figure 3). 

One method to increase bit density is to keep the number of pins constant while reducing both the lead pitch and package 
area. The 20/24 pin SSOPs utilize a 0.65-mm lead pitch to achieve over a 50% reduction in area, compared to their 
standard SOIC counterparts. The package height is also reduced from 2.65 mm for the SOIC to 2 mm for the 20/24-pin 
SSOPs. This reduction in volume translates into tighter board to board spacing, allowing for denser memory arrays. 

The advent of the Personal Computer Memory Card International Association (PCMCIA) standard has required that 
the package height be reduced even further, thus spawning the thin small-outline package (TSOP). This package utilizes 
0.65-mm lead pitch and has a maximum device height of 1.1 mm. With an area of 59 mm 2 , this package utilizes 86% 
less volume than the standard 24-pin SOIC, facilitating the use of logic functions on these cards. 
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24-Pin SOIC 
Area = 165 mm 2 



24-Pin SSOP 
Area = 70 mm 2 



24-Pin SOIC 



Height = 2.65 mm 
Volume = 437 mm 3 
Lead Pitch = 1 .27 mm 



24-Pin SSOP 

Height = 2 mm 
Volume = 140 mm 3 
Lead Pitch = 0.65 mm 



24-Pin TSOP 
Area = 54 mm 2 



24-Pin TSOP 



Height = 1.1 mm 
Volume = 59 mm 3 
Lead Pitch = 0.65 mm 



Figure 2. 24-Pin Surface Mount Comparison 
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24-Pin SOIC 
Area = 165 mm 2 



24-Pin SOIC 



Height = 2.65 mm 
Volume = 437 mm 3 
Lead Pitch = 1.27mm 




48-Pin SSOP 
Area = 171 mm 2 



48-Pin SSOP 



-ft 



Height = 2.74 mm 
Volume = 469 mm 3 
Lead Pitch = 0.635 mm 



100-Pin SQFP 

j\ K. 

Height = 1.5 mm 
Volume = 399 mm 3 
Lead Pitch = 0.5 mm 

100-Pin Cavity SQFP 



100-Pin SQFP and 
100-Pin Cavity SQFP 
Area = 266 mm 2 



Height = 2.3 mm 
Volume = 612 mm 3 
Lead Pitch = 0.5 mm 



Figure 3. High Pin-Count Comparison 

Another way to increase bit density is to reduce the lead pitchof the package. The 48/56-pin shrink small-outline package 
(SSOP) halves the lead pitch of the SOIC package from 1.27 mm to 0.635 mm, allowing for twice the number of 1/0 
pins in the same board area. Eight-, nine-, and ten-bit functions now become 16-, 18-, and 20-bit parts. The 100-pin 
shrink quad flat package (SQFP), along with the high-power cavity-SQFP, further reduce the lead pitch to 0.5 mm. These 
packages double the bit density over the 48-pin SSOP with only a 50% increase in area. Both of these high pin count 
packages allow for 32- and 36-bit logic functions, providing for efficient buffering of today 's 32- and 64-bit bus widths. 
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Thermal Impedances of Fine-Pitch Packages 



As package area decreases, which is the case for the 20- and 24-pin SSOP and TSOP, the thermal impedance of the 
package to the ambient environment (0ja) increases. Figure 4 illustrates the fact that this relationship is almost linear, 
and for a 50% reduction in area, 0ja doubles for the 24-pin SSOP and TSOP. Because of the higher 0ja> additional 
attention must be given to the power dissipation of the device to insure proper operation. 
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Figure 4. 0ja vs Airflow for 24-Pin Packages 

A similar power consideration occurs with the high pin count packages due to the increased number of bits causing 
higher power dissipation per package. Figure 5 compares 0ja for the 24-pin SOIC, 48-pin SSOP, 100-pin SQFP, and 
cavity SQFP. The cavity package mounts the lead frame directly to one of the metal lids of the package. This mounting 
provides a direct path for the heat to flow from the die to the ambient environment. This package accommodates both 
cavity up or down assembly allowing for both conduction, into the board, or convection, into the ambient, cooling. 
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Figure 5. 0ja vs Airflow 

One factor influencing 0ja is the trace length that is connected to the package lead finger. This is because some of the 
heat is taken out of the package through the lead and dissipated into the board as well as through the package top and 
into the ambient air. Non-standard trace length factors have been identified as a major contributing factor in differences 
between different manufacturer's published thermal values. Figure 6 shows the effect that trace length has on the 48-pin 
SSOP's 0 JA . 
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Figure 6. 48-Pin SSOP Oj A vs Trace Length 

Evolutions in Device Processing 

With the improvements to microprocessor clock rates and memory access times, bus-interface devices have become a 
larger percentage of the total bus cycle time. To keep pace with the need for faster logic many semiconductor 
manufactures are utilizing sub-micron BiCMOS processes, utilizing shorter gate lengths and thinner gate oxide for 
device speed improvements. The reductions in transistor area result in less intrinsic capacitance allowing faster internal 
gate delays, as well as lowering the output capacitance (Ci/o). With a lower Ci/o, ABT devices minimize their impact 
to system loading. 

In a transmission line environment, when the driver's edge rate is less than twice the line's propagation delay, distributed 
output loading has the effect of reducing the characteristic impedance (Zo) of the transmission line. The higher the 
distributed capacitive load, the lower the apparent impedance, making it harder for the driver to switch the line on the 
incident wave. This well known transmission line loading equations is: 

where Z Q is the line's unloaded characteristic impedance, C Q is its intrinsic capacitance per unit length, and C<j is the 
distributed capacitive load per unit length. 

Figure 7 shows how the a device's output capacitance can lower a line's impedance, as in the case of a backplane. If the 
effects of the other board capacitance contributors - connectors, vias, and trace stubs, are assumed to be constant 
regardless of the device used, and thus ignored, a comparison of transmission line loading between different 
) technologies can be made. 
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Figure 7. Loaded Zq vs Distributed Capacitance 



3.3-V Operation 

As process geometries move towards gate lengths of 0.5 jli and below, coupled with the desire for lower power 
consumption, 3.3-V operation becomes necessary. Because the migration to 3.3 V will be gradual, gated by the 
availability of semiconductor functions, the need for mixed signal level operation will be critical for bus interface 
devices. That is the input and I/O pins will be able to have input voltage levels up to 5.5 V without any conduction paths 
to Vco The outputs should also be capable of driving a standard 5-V backplane, which would translate into drive 
currents of at least -15 mA of Iqh anc * 64 mA of Iql- 



Memory Driver Usages for the SSOP 

As pointed out above, any of the SSOPs can be utilized as buffers in high-density memory arrays. In many instances, 
series-dampening termination is chosen, due to its ease of implementation and power savings. Numerous logic devices 
are available that incorporate the series-dampening resistor on chip, as in the BCT2XXX series of products, simplifying 
this type of termination. When these parts are packaged in the 20-pin SSOP, as in the 'BCT2240DB, a tremendous board 
real estate savings is realized over a discrete approach using external resisters and SOIC devices. For PCMCIA cards 
the driver must also offer low-power consumption, necessary for battery operation. The ' AC 1 1 244PW (TSOP package) 
can be used in these applications due to its low static power CMOS characteristics. 

Many times when an output switches a large memory array the capacitive load is localized in close proximity to the driver 
and can be treated as a simple lumped load. In these instances it is useful to know how the propagation delay (t p( j) of 
the driver changes with the additional capacitive load. The change in the driver's t p( j is due to the interaction of its source 
impedance, R on , with the capacitive load, C\. Figures 8, 9, and 10 show this phenomena for the 'AC 11244, 'BCT2240, 
' ABT 16244, and ' ABT32245 for both single and multiple outputs switching. 
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Capacitive Load (pF) 

Solid = Single Output Switching 
Dashed = Eight Outputs Switching 

Figure 8. Typical t pc j vs Capacitive Load 
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Capacitive Load (pF) 

Solid = Single Output Switching 
Dashed = All Outputs Switching 

Figure 9. Typical t pc j vs Capacitive Load 
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Figure 10. Typical tpd vs Capacitive Load 



These three figures illustrate the effect that the output impedance of the driver has over t p( j degradation. Figure 8 shows 
that even though the ' AC 1 1244 has symmetrical high and low output drive current ratings of 24 mA, tpjjL show more 
degradation versus capacitive loading due to the graded turn-on of the output to minimize simultaneous switching noise 
[ground bounce]. Many advanced CMOS logic devices utilize this graded turn-on, but not without the penalty of slower 
propagation delays at higher capacitive loads. Figure 7 shows a similar asymmetrical tpjjL performance, but now it is 
due to the inclusion of a 33-£2 series output resistor. Contrasting the previous two graphs is Figure 10 which highlights 
the high-drive capability of the ABT16XXX and ABT32XXX devices, along with the symmetrical t pc i performance that 
the -32/64 mA outputs deliver. 

Bus-Interface Usages for the SSOP 

The gains made by utilizing devices with faster propagation delays can be lost if the propagation delay degrades when 
multiple outputs on a package are switched simultaneously. This effect is greatly reduced when a device is packaged 
in the 48/56-pin SSOP, because this package allows the signal-to-ground ratio of a standard 8-bit function to be improved 
from 8:1 to 2:1, and the signal-to- Vqq ratio improves from 8:1 to 4:1. This multiple power pin system translates into 
a quieter on-chip power system when multiple outputs switch, resulting in less propagation delay degradation compared 
to a standard 8-bit function. The same can be said of the 100-pin SQFP and cavity SQFP which utilizes a 3:1 
signal-to-ground ratio. Figure 1 1 compares the change in t p( j vs number of outputs switching (in phase) of a typical '244, 
buffer-type function when packaged in a 48-pin SSOP and 100-pin SQFP to the performance in a 20-pin DIP and SOIC. 
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Conclusion 



The various fine pitch surface-mount packages give the designer a wide range of solutions to today's system area and 
volume constraints. The high pin count SSOP and SQFP packages allow bus-interface devices to track the trend of wider 
data bus widths, while providing superior electrical performance when compared to the standard end-pin product. The 
cavity SQFP allows for higher power dissipation applications, allowing the interface device to operate at higher frequen- 
cies. The low pin count SSOPs occupy less volume than other surface mount devices, facilitating their use in height criti- 
cal applications. 

For Further information 

Transmission Lines 

Advanced Schottky Family Applications, Texas Instruments Advanced Schottky Data Book, 1986 
Advanced CMOS Logic Designer 's Handbook, Texas Instruments, 1988 

Power Dissipation 

SSOP Designer 's Handbook, Texas Instruments, 1991 
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IMPORTANT NOTICE 



Texas Instruments Incorporated (Tl) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers 
to obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 

Tl warrants performance of its semiconductor products and related software to current 
specifications in accordance with TPs standard warranty. Testing and other quality control 
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific 
testing of all parameters of each device is not necessarily performed, except those mandated 
by government requirements. 

Please be aware that Tl products are not intended for use in life-support appliances, devices, 
or systems. Use of Tl product in such applications requires the written approval of the 
appropriate Tl officer. Certain applications using semiconductor devices may involve potential 
risks of personal injury, property damage, or loss of life. In order to minimize these risks, 
adequate design and operating safeguards should be provided by the customer to minimize 
inherent or procedural hazards. Inclusion of Tl products in such applications is understood to 
be fully at the risk of the customer using Tl devices or systems. 

Tl assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does Tl warrant or 
represent that any license, either express or implied, is granted under any patent right, 
copyright, mask work right, or other intellectual property right of Tl covering or relating to any 
combination, machine, or process in which such semiconductor products or services might be 
or are used. 



Copyright © 1993, Texas Instruments Incorporated 
Printed in the U.S.A. 



ABT ENABLES OPTIMAL SYSTEM DESIGN 



Steve Perna 
Texas Instruments 
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Advanced System Logic 
P.O. Box 655303, M/S 8323 
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As the operating frequencies of 
microprocessors increase, the period of time 
allotted for memory access, arithmetic 
computation or similar operation decreases. With 
this in mind, a new series of Advanced Bus 
Interface Logic (ABIL) products developed with 
Texas Instruments' sub-micron Advanced 
BiCMOS (ABT) process technology assume a 
prominent role as the key high performance logic 
needed in today's workstation, personal and 
portable computer, and telecom systems. The goal 
of this family of products is to provide system 
designers a bus interface solution combining high 
drive capability, low power consumption, signal 
integrity and propagation delays fast enough to 
appear transparent with respect to overall system 
performance. Fine pitch package options simplify 
layout, reduce required board space and decrease 
overall system costs. Novel circuit design 
techniques add value over competitive solutions. 



TRENDS IMPORTANT FOR TODAY'S 
SYSTEM DESIGNER 

Modern system designers face many 
complex challenges in meeting their design goals. 
The trends toward (need for) faster cycle times, 
lower power consumption, smaller footprints, 
greater reliability and lower total system cost 
combine to put ever increasing pressure on today's 
system designer. 

The need for faster cycle time has 
traditionally been addressed by the microprocessor 
manufacturer. Clock and microprocessor 



frequencies have increased steadily with each 
succeeding product generation. The most 
advanced RISC processors in development are 
touting frequencies in the area of 200 MHz. For 
production systems it is not unusual for processors 
to run on the order of 50 MHz and above. 
Increasing clock and microprocessor frequencies 
are now beginning to put pressure on surrounding 
memory and logic to make greater contributions in 
reducing overall system cycle times and improving 
overall system performance. 

Higher performance systems require the 
designer to focus on total system power 
requirements. Faster systems traditionally require 
more power which often means more costly 
solutions. Power costs money to supply and 
heat buildup due to this power costs money to 
remove. Also, excess power consumption 
adversely affects reliability due to the increase in 
the junction temperature of the silicon 
components. Lower power devices reduce 
requirements for larger power supplies and high 
cost cooling techniques, and could lead to smaller 
system packaging. 

Occurring in parallel with demands for 
increased system performance and reduced system 
power consumption is demand to house systems in 
smaller cases, boxes, chassis and cabinets. This 
miniaturization requires that each system 
component be optimally laid out in silicon, 
packaged and mounted on the PCB board. 

Speed, power, size, cost and reliability 
are all parameters by which system and end 
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equipment success are measured. Semiconductor 
manufacturers must be sensitive to these 
parameters and be able to provide well-defined 
and designed products to meet these needs. 



ADVANCED BUS INTERFACE LOGIC (ABIL) 
AS THE SYSTEM BUS INTERFACE 

Semiconductor vendors are required by 
system design houses to provide new products 
which are faster, consume less power, exist in 
smaller packages and present a lower relative cost 
than their predecessors. Since the early 1970s 
many different logic product technologies have 
attempted to meet these demands. 

Early logic product technologies often 
forced the system designer to make tradeoffs. As 
Figure 1 details, speed and power were the most 
typical design goals traded off. Solutions such as 
Schottky or HCMOS respectively offered high 
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technologies thrived because they were cheap and 
readily available. 

The cycle time requirements for interface 
logic vary as a function of microprocessor and 
clock speed. In an 8 MHz system, the total system 
cycle available for completion of all operations is 
250 nanoseconds. This can be roughly budgeted 
into 160 nanoseconds for the memory access, 45 
nanoseconds for processor set-up and 45 
nanoseconds for the interface logic (including 
signal propagation across printed circuit board 
traces). With 45 nanoseconds available for 
interface, a forgiving, low-performance 
technology such as Low-power Schottky or 
HCMOS can be utilized. 

The situation changes dramatically when 
system speeds increase to 45 or 50 MHz. At 45 
MHz only 44 nanoseconds of total cycle time is 
available to complete all operations. Now, more 
expensive memories are needed with access times 
down in the 20 nanosecond range. Microprocessor 
set-ups can only be 8 
nanoseconds. This leaves only 
16 nanoseconds for interface and 
signal trace propagation delay. 
The interface cycle time is a 
much higher percentage of the 
total system cycle time at 45 
MHz than at 8 MHz. 
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FIGURE 1. ABT ASSUMES OPTIMAL POSITION 



speed at the expense of low power or low power at 
the expense of high speed. In a typical system 
application this logic sat between only a few 
system blocks such as a simple 8 MHz processor, a 
slow 256K DRAM, and a local TTL bus. Their 
functional role was little more than small-scale 
integration (SSI) or medium-scale integration 
(MSI). Despite these shortcomings, early logic 



As cycle time 
requirements shrink, each 
nanosecond becomes critical in 
meeting the total system 
'budget'. The system designer 
has the option of using higher 
performance memories, 
processors or interface logic in 
squeezing additional 

nanoseconds out of the system 
delay. There is great demand for in using 
interface logic to meet these budget needs because 
it is typically much less expensive for the designer 
to use than higher performance memories or 
processors. 
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In light of decreasing total system cycle 
time requirements, the early logic technologies 
gave way to faster technologies. Significant gains 
made since the Schottky and HCMOS days result 
in products which no longer force the system 
designer into a tradeoff box. New product 
development in the area of complex memories, 
processors and ASICs has led the way for an 
equal, if not greater, acceleration in new product 
development for advanced digital logic products. 

This development has propelled logic up 
from the ranks of "glue" status, used to fill in 
design gaps around the other major system blocks, 
to its new position as the system "bus interface". 
Advanced Bus Interface Logic (ABE.) products 
are now responsible for controlling the signals 
between the backplane busses and the other major 
system design blocks. They have become a major 
system design block in their own right exerting 
significant influence over the performance of the 
final design. 

In a modern-day system ABEL products 
are likely to connect many major system design 
blocks including application specific parallel 
processors, 4M DRAM'S, fast cache SRAM*s and 
complex ASIC gate arrays/standard cells. The 
task of this new breed of advanced logic is to 
effectively transceive the address, data and control 
signals of these IC elements to and from heavily 
loaded TTL/CMOS/BTL system backplanes. 

A wide variety of industry standard and 
proprietary backplane specs add to the difficulty of 
the task. At the low-end of the scale, exhibiting 
data transfer rates in the range of 10-20 
MByte/sec, are the PC AT and EISA type busses. 
For mid-range server and graphics workstation 
applications, the 50-100 MByte/sec data transfer 
rate range of Multibus II and MicroChannel type 
busses is typical High-end server and mainframe 
computer applications require the greater than 100 
MByte/sec data transfer rates of Futurebus + type 
busses. Transceivers connecting to each of these 
backplanes need to provide very high drive current 
capability to effectively and reliably migrate 
signals across. ABEL products from Texas 
Instruments uniquely address this need. 



ENABLERS TO CONTINUOUS NEW 
PRODUCT DEVELOPMENT 

Reduction in minimum process 
dimension, enhanced value-added circuit design 
techniques, utilization of fine-pitch packaging and 
incorporation of lower power supply voltages are 
the most important enablers to continuous new 
development for logic products. 

The minimum process dimension 
represents the width of the transistor gate region 
and gives an indication of the switching speed of 
the transistor. In general, the smaller the 
minimum process dimension the faster the 
transistors will switch. An added advantage of 
reducing the minimum process dimension is the 
gain in gate density which can be achieved. A 
gain in gate density results in increased device 
functionality without a corresponding increase in 
silicon die area. Currently state-of-the-art high 
volume production logic processes consider a 0.8 
micron minimum process dimension. However, 
work is ongoing to prototype more advanced 
processes characterized by 0.6, 0.S and 0.35 
micron minimum process dimensions. 

Enhanced value-added circuit design 
techniques act to greatly increase the functionality 
of a logic device as well as improving its 
performance. These techniques often eliminate 
the need for the designer to utilize discrete 
components such as resistors, capacitors and 
diodes because these are built into the silicon 
device itself. Additionally optimizations in I/O or 
core circuitry can positively effect speed and 
power performance. 

An aggressive drive exists to convert 
classic through-hole package approaches to totally 
above board surface mount approaches. Occurring 
in parallel is a drive to upgrade existing surface 
mount packages with finer pin-to-pin pitches so as 
to minimize total package area. With smaller 
packages come increased reliance on thermal 
management techniques however. The increased 
difficulty in removing heat from the smaller 
packages may preclude the use inexpensive plastic 
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packages. The necessity to use ceramic or other 
alternatives would act to drive design costs up. 

Finally, system designers are beginning 
to drive the semiconductor industry to move below 
5 Volts as the baseline for power supply of 
operation. The migration to lower voltages such 
as 3.3 Volts enhances the reliability of advanced 
process technologies exhibiting minimum process 
dimensions of 0.6microns or lower. The need for 
low voltage memory and processor product 
interface, lower device generated noise levels, 
lower power consumption and increased battery 
life for unregulated portable systems accelerate the 
demand for 3.3 Volt logic. New 3.3 Volt logic 
opportunities will emerge as system designers 
continue to rely on advanced process technologies. 



WHAT IS ADVANCED BICMOS (ABT) ? 



ABT employs a sub-micron 0.8 
minimum process dimension. It combines 
elements of both bipolar and CMOS 
circuit/process technologies onto a single silicon 
chip. ABT offers the system designer the best 
combination of high speed, high drive and low 
power consumption in the industry. As shown in 
Figure 1, ABT provides a performance point 
closer to the origin of the speed/power graph than 
any other logic technology available. Specifically 
ABT is based on a CMOS core circuit structure 
with an NPN bipolar output transistor module 
added. This means adding about four additional 
masks to the CMOS process. The current single 
NPN transistor output structure of ABT has been 
optimized for 5 Volt operation. 

Simplified input and output stages of an 
ABT transceiver are shown in Figure 2. The 



Advanced BiCMOS 
(ABT) is a product 
technology available today 
from Texas Instruments to aid 
designers doing high 
performance bus 
management It is currently 
available in many different 
product options including 
8-bit octal, 16/18/20-bit 
Widebus and 32/36-bit 
Widebus+ versions. 
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At H ABT evolved 
from an earlier 1.5 micron 
BiCMOS process. It was 
designed to provide speeds 
equivalent to existing advanced bipolar solutions 
but with 90% less device power. This standard 
BiCMOS introduced high performance, lower 
power bus interface products to the marketplace 
two years ahead of the nearest competitor. Since 
its bus interface introduction in 1987, TI has 
utilized BiCMOS and Advanced BiCMOS in 
products such as mixed-signal integrated circuits, 
high performance gate arrays, high speed cache 
tags, and application specific processors like the 
SuperSPARC. 



ABT INPUT STAGE 



ABT OUTPUT STAGE 



FIGURE 2. ABT INPUT/OUTPUT CIRCUIT STRUCTURE 



inputs are designed to offer TTL compatible levels 
with guaranteed switching between a Vih min of 
2.0 Volts and a Vil max of 0.8Volts. Since these 
inputs are implemented with CMOS circuitry they 
offer characteristic high impedance for low 
leakage and low capacitance for minimal bus 
loading. The CMOS supply voltage of the input 
stage is dropped by diode Dl and transistor Ql, 
centering the threshold around 1.5 Volts. When 
inputs are in the LOW state, Qr raises the voltage 
of source Qp up to the rail ensuring proper 



15-68 



operation of the feedback stage. This stage 
provides about 100 mV of input hysteresis 
increasing noise margins and reducing oscillations. 

ABT outputs utilize bipolar circuitry to 
provide the high speed and drive necessary for bus 
interface. A major advantage for using bipolar 
circuitry in the output stage is the reduced voltage 
swing which lowers ground noise, improves signal 
integrity and reduces dynamic power 
consumption. In the figure Ml acts as a current 
switch which drives the output LOW when 
conducting current from Rl through to the base of 
Q4. The base of Q2 is pulled LOW turning off the 
upper output For a LOW to HIGH output 
transition, Ml turns off and current through Rl 
charges the base of Q2. As Q2 goes high, the 
Darlington pair Q2 and Q3 turns on. With its 
supply of base current now cut off, Q4 turns off 
and the output transition switches LOW to HIGH. 
R2 limits output current in the HIGH state and Dl 
is a blocking diode preventing current flow in 
power-down applications. 

By virtue of its small minimum process 
geometry, tight metal pitch and shallow junctions, 
ABT can provide for strong output drive currents 
(sink currents speced at 64 milliamps and source 
currents speced at 32 milliamps) and low parasitic 
capacitances. As a result of these enhancements, 
internal propagation delays are very fast and very 
well behaved. Figure 3 shows that typical prop 
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delays are on the order of 2-3 nanoseconds across 
temperature. This excellent consistency allows 
ABT to be specified over the industrial 
temperature range of -40 to +85 degrees Celsius. 
The figure also shows that ABT performance is 
very well behaved across capacitive load and 
multiple output switching conditions. 

Maximum prop delays for ABT are as 
low as 4-5 nanoseconds depending on the device 
type and propagation path. Figure 4 compares the 
datasheet maximums of several ABT 16-bit 
Widebus transceiver devices with compering 
FCTB/C CMOS and 74F/ALS bipolar solutions. 
It is clear from both Figure 3 and Figure 4 that 
ABT is the system designer's best choice for bus 
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FIGURE 4. ABT IS THE SPEED BENCHMARK 



interface applications which require consistent 
speed performance over many different conditions. 
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FIGURE 3. ABT PROCESS PROVIDES CONSISTENCY 



From a power (current) consumption 
standpoint the use of bipolar in the output 
stage is advantageous for two reasons. First 
the voltage swing is less than that of a 
CMOS output. The power consumed when 
charging or discharging internal circuit 
capacitances and the external load 
capacitance is reduced. Second the bipolar 
transistors are capable of turning off more 
efficiently than CMOS transistors. The 
wasteful flow of current from Vcc to GND is 
reduced. Although bipolar does tend to have 
a high static power consumption, its lower 
dynamic power consumption allows for 
better overall power performance at high 
frequencies than either pure bipolar or 
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CMOS. This is because the dynamic power 
component makes up the majority of a device's 
overall power consumption. 

The ABT maximum high impedance 
supply currents (Iccz) range from about 50 
microamps for 8-bit octals to about 2-3 milliamps 
for 16-bit Widebus products. Maximum dynamic 
supply currents (Iccl) range from about 
30milliamps for 8-bit octals to about 34 milliamps 
for 16-bit Widebus products. Power-on-demand, 
an enhanced circuit design improvement to the 
bipolar output stage on new ABT product families, 
reduces dynamic current consumption levels by up 
to 50%. High impedance and dynamic supply 
current goals for the new 32/36-bit Widebus + 
family are 500 microamps and 60 milliamps 
respectively. 

Bus Hold, shown in Figure 5, is another 



entities are periodically required to be in 3-state. 
Bus Hold cells eliminate passive pull-up (to Vcc) 
or pull-down (to GND) tennination resistors 
necessary to prevent application problems or 
oscillations. External provision for these resistors 
by the system designer consumes board area, 
increases bus capacitance, contributes to bus 
loading and lowers system performance. The Bus 
Hold feature is particularly effective when offered 
on products with a lot of I/O capability such as 
32/36-bit Widebus + devices. 



FINE-PITCH PACKAGING 
DEVICE SIZE 



SHRINKS ABT 





As the push for smaller system sizes 
becomes intense, the system designer will require 
the logic manufacturer to house high performance 

silicon in 
increasingly space 
conscious packages. 

Most notably the 
system designer has 
been leveraging the 
advantages of 
plastic leaded chip 
carriers (PLCCs) 
and small outline 
integrated circuits 
(SOICs). 
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FIGURE 5. BUS HOLD CIRCUIT AND BENEFITS 



example of an enhanced, value-added circuit 
design technique available on new ABT product 
families. The Bus Hold cell provides for a small 
holding current of 100 microamps to be delivered 
to I/O pins configured as inputs left unused or 
floating. This current latches the last known input 
state to a valid logic level. Floating input 
conditions are common to CMOS backplanes or 
device bus interface situations where driving 



Both PLCC and 
SOIC packages 
provide a gull wing 
lead profile. Both 
utilize a 1.27 
millimeter 

pin-to-pin pitch 
spacing. The 
reduced pitch offers a huge space improvement 
over bulky plastic dual-in-line (PDIP) 
through-hole packages. The major difference 
between PLCC and SOIC is philosophical. The 
PLCC has pins on all four sides (arranged either in 
square or rectangular configuration) while the 
SOIC has pins on only two sides (arranged in flow 
through configuration). 
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In spite of the advantages of PLCC and 
SOIC, system designers are beginning to specify 
surface mount packages with finer pitch values to 
keep their end equipments competitive in the 



package while keeping the pin count and bit 
density constant The second path considers 
increasing the bit density of the package by 
increasing pin count and reducing pin pitch. 
Figure 6 clearly shows both of these migratory 
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FIGURE SPINE-PITCH PACKAGE OPTIONS FOR ABT 



marketplace or to avoid falling behind more 
aggressive rivals. Such fine pitch versions 
available in volume today offer improvements in 
the pin-to-pin pitch down to 0.635 millimeters. 
More advanced fine pitch alternatives exhibiting 
characteristic pitches of 0.5, 0.4 and 0.3 
millimeters are on the horizon. 

The plastic quad flat pack (PQFP) is a 
fine-pitch version of the PLCC package. It offers 
a 0.635 millimeter pitch and is widely used for 
microprocessors, ASICs or other custom devices. 
The 44-pin PQFP is the smallest used in volume 
while the largest versions provide over 200 pin 
capability. For the system designer using ABIL 
products however, it is advantageous to combine 
the fine-pitch capability of the PQFP with the 
two-sided dual-in-line design of the SOIC. 

SOICs have evolved in two distinct paths 
to meet this need. The first path considers 
reducing the surface area and pin pitch of the 



paths starting from the standard octal SOIC 
package in the upper left hand corner. 

Package size reductions are shown 
vertically down the figure with each succeeding 
reduction occupying a new row at constant bit 
density and pin count Bit density and pin count 
increases are shown horizontally across the figure. 

There are five new fine-pitch packages 
represented in the figure. Four of these offer a 
density upgrade path for the SOIC. The fifth is a 
new package offering a density upgrade for the 
PQFP. All of these packages were developed and 
standardized exclusively for high performance 
ABIL ABT products by IT. 

The Shrink Small Outline Package 
(SSOP) is available in two worldwide standard 
form factors. The first, approved by the Joint 
Electron Device Engineering Council (JEDEC), 
allows for 16-, 18-, or 20-bit I/O functions in a 
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package roughly the same size as the octal SOIC. 
The pin pitch for the JEDEC SSOP is 0.635 
millimeters. The JEDEC SSOP is available in a 
48-pin version for basic 16-bit driver and 
transceiver functions and in a 56-pin version for 
complex 16- to 20-bit transceiver functions. The 
very popular ABT Widebus family uses the 
JEDEC approved SSOP. 

The second form factor, approved by the 
Electronics Industry Association of Japan (EIAJ), 
allows for 8- and 9-bit I/O functions in a package 
about 40%of the size of the octal SOIC. The pin 
pitch for the EIAJ SSOP is 0.65 rnillirneters. The 
EIAJ SSOP is available in a 20-pin version for 
basic ABT 8-bit driver and transceiver functions 
and in a 24-pin version for complex ABT 8- and 
9-bit transceiver functions. 

Bottom row of figure 6 represents the 
third form factor upgrade to the SOIC available 
from H. The Thin Shrink Small Outline Package 
(TSSOP) is EIAJ approved and offers a reduced 
thickness (height) spec of 1.1 millimeters. The pin 
pitch of the EIAJ TSOP is 0.65 millimeters. (The 
body width is 4.4 millimeters). The TSSOP is 
compatible to Type I and Type II card physical 
requirements of the Personal Computer Memory 
Card International Association (PCMCIA). 
TSSOP offers the smallest package size available 
for 20-and 24-pin drivers and transceivers. For 
denser memory arrays TSSOP facilitates front and 
back side mount in under 3.3 millimeter thickness 
specified by PCMCIA if card thicknesses are kept 
under l.Ornillimeters. 

For wideword applications with extreme 
space and height restrictions, H will offer 
Widebus devices in a new package called the 
Shrink Widebus (TM). Available in 48- and 
56-pin versions, this new package has a 1.1 
millimeter maximum height, a 6.1 millimeter body 
width and a 0.5 millimeter lead-pitch. The Shrink 
Widebus package, developed by H, is registered 
with the EIAJ, meets the requirements of the 
PCMCIA and consumes 40 percent less board 
area than the standard JEDEC SSOP. 

Providing the density upgrade path for 
the PQFP is the EIAJ Shrink Quad Hat Pack 



(SQFP). This 100-pin package allows single chip 
32- and 36-bit I/O solutions in over 50% less area 
than with octal SOIC connections. The pin pitch 
for the EIAJ SQFP is 0.5 millimeters which is the 
smallest in production today. The reduced pitch of 
the SQFP offers a 35% area reduction over 
100-pin PQFP solutions. The new 32- and 36-bit 
ABT Widebus + family, recently announced at the 
BUSCON *92 WEST trade show in Long Beach, 
California, uses the 100-pin SQFP. 

All the above fine-pitch package options 
are superior for space saving applications. The 
JEDEC SSOP and EIAJ SQFP are superior in 
several other areas as well. The JEDEC SSOP 
incorporates a flow-through architecture where 
input and output pins each have their own 
dedicated side of the package. Flow through 
pinouts offer the system designer a very easy route 
path for signal traces. 

A standard SOIC octal package can only 
afford 1 GND pin for every 8 1/O's. This ratio 
improves to 2:1 and 3:1 for JEDEC SSOP and 
EIAJ SQFP respectively. Both the JEDEC SSOP 
and the EIAJ SQFP provide multiple Vcc and 
GND pins distributed along the sides. The 
improved GND number and distribution of these 
pinouts is very forgiving from a noise generation 
standpoint and allows for less propagation delay 
than octal functions. As a result, ABT octals, 
ABT Widebus and ABT Widebus + all exhibit 
less than 1 Volt of noise typically, even though the 
maximum number of switched outputs increases 
from 8- to 18- to 36-bits with each respective 
family. 

As package area decreases, the thermal 
impedance of the package to the ambient 
environment increases. Thermal impedance 
represents the ability of a package to dissipate 
heat The higher the thermal impedance the more 
difficulty the package has in dissipating heat The 
higher thermal impedances of fine-pitch packages 
require additional attention and care from the 
system designer. Proper thermal management 
techniques as well as proper power dissipation 
guidelines must be used to ensure operation. 
Fortunately the low power of ABT ABIL products 
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FIGURE 7. ABT PRODUCT AND FEATURE TABLE 



is more conducive to a fine-pitch packaging 
approach than competitive CMOS solutions. 



ABT PRODUCTS PROVIDE 
EQUIPMENT SPECIFIC SOLUTIONS 



END 



Combining previously discussed 
state-of-the-art elements of the ABT process with 
its numerous advanced fine-pitch package options 
and its enhanced circuit design features yields a 
very impressive portfolio of new products. These 
new products emerge to eloquently serve distinct 
needs of the workstation, personal and portable 
computer, and telecom end equipment markets. 

Figure 7 categorizes the entire ABDL 
product spectrum built with the ABT process 
technology. These families offer features and 
benefits dedicated to specific markets and industry 
standards. Figure 8 (next page) organizes these 
features and benefits graphically. 



For high performance engineering 
workstation and server markets, the ABT Widebus 
and ABT Widebus + families provide the highest 
integration and performance. They are necessary 
to connect the most demanding CISC/RISC 
microprocessors to the most heavily loaded, high 
frequency backplanes. 

The Universal Bus Transceiver (UBT) is 
unique in the industry because it can be operated 
in several distinct bus interface modes. Each 
package contains D-type latches and D-type 
flip-flops. Flexible control logic options provide 
for output enable, latch enable, clock and clock 
enable combinations. 

UBTs can be configured as transparent 
data flow through transceivers (like the dedicated 
'245 function), latch enabled transceivers (like the 
dedicated '543 function), clocked registered 
transceivers (like the dedicated '646 function) and 
clock enabled registered transceivers (like the 
dedicated '952 function). 
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FIGURE 8. ABT PRODUCTS 
AND FEATURES 



ABT Octal 
8-,9-Btt 



ABT Wld*bus 
16-, 18-, 20-Bit 




ABTWWebus+ 
32-, 96-Bit 



Workstation designers can minimize inventory and 
procurement requirements, costs and overhead 




with UBT flexibility. Designed specifically for 
workstation bus interface applications, the UBT is 
perfect as an interface to the many different 
microprocessor architectures and system 
backplane specs available. 

Figure 9 details the current UBT portfolio 
from IT and includes block diagrams for 2 devices 
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in the series. The ABT16600 is an 18-bit UBT 
packaged in the 56-pin SSOP package. It can be 
configured in each of 4 different data flow modes 
between its A-port and B-port. 

The ABT32318 is an 18-bit muxed UBT 
which can be configured in each of 3 different data 
flow modes between its A-port, B-port and C-port 
This UBT allows the system designer multiple 
combinations for real-time and stored data 
exchanges between the three ports. It is 
particularly useful for multi-bus communication, 
multi-way interleaving memory applications and 
high performance multiplexed address and data 
bus interface. 

The ABT32901 (not pictured) is a 36-bit 
UBT which provides the most flexibility to the 
designer packaged in a 120-pin SQFP. The 
devices can be configured in transparent, latched, 
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Several ABT product families directly 
address upper end workstation and server 
equipment A series of transceivers compliant to 
the I.E.E.E. 896.1 Futurebus + backplane interface 
standard are available. The special Futurebus + 
protocols dictate special electrical requirements of 
the transceivers in order to ensure proper 
connection to Futurebus + backplanes. Each of 7 
transceivers in the series utilize backplane 
transceiver logic (BTL) switching levels in 
accordance with the Futurebus + standard. 
Complementing these Futurebus + transceivers are 
a series of BTL transceivers compliant with the 
I.E.E.E. 1194.1 standard. Both transceiver series 
contain a TTL A-port along with the BTL B-port 
and can perform TTL-to-BTL and BTL-to-TTL 
level translation. 

Scope transceivers and drivers are 
available in ABT which are compliant with the 
I.E.E.E. 1149.1 testability 
standard. For high 
reliability and 
fault-tolerant system needs 
these devices provide their 
own internal self-test 
capabilities. A complete 
line of Scope hardware 
and software system 
products have been 
developed by TL 
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FIGURE 10. LVT PROVIDES OPTIMIZED 3.3 VOLT I/O 



The personal 
computer market is 
characterized by very short 
design cycle times and 
intense pressure to lower 
costs. The major driving 
force is to put 
workstation-type 
performance in machines 



clocked or clock enabled data flow modes and has 
additional benefits of parity generate and check as 
well as byte (x9) enable. The 120-pin SQFP 
offers the same 14 x 14 millimeter body sizes as 
the 100-pin SQFP, but with a 0.4 millimeter 
leadpitch. 



designed for desktop, home 
and portable applications. ABT in fine-pitch 
package options meets these needs nicely. 

A new series of low voltage products 
definitively addresses the needs of the portable 
sub-segment of this market The Low Voltage 
Technology (LVT) family has been developed 



15-75 



with the sub-micron ABT process and will be 
available in both 8-bit octal and 16/18-bit Widebus 
density versions. Supply voltage for LVT is 
specified from 2.7 Volts to 3.6 Volts. LVT 8-bit 
product uses the TSOP to facilitate the smallest 
area for portable applications. LVT Widebus 
product uses both the JEDEC SSOP and the 
48/56-pin EIAJ Shrink Widebus SSOP. 

Market requirements for 3.3 Volt logic 
products are being driven now by battery laptops 
and hand-held instruments. Higher performance 
desktop PCs and workstations could lag a year 
behind portables in their demand for 3.3Volt logic. 

As shown in Figure 10, the 5 Volt ABT 
I/O structure has been optimized for use with 3.3 
Volt supply currents. LVT 3.3 Volt speed 
performance is equivalent to ABT 5 Volt speed 
performance. This special I/O circuitry also 
allows for a "mixed-mode" 3.3 Volt to 5 Volt 
interface capability. Designers can use the same 
LVT logic for core 3.3 Volt system partition as for 
external 5 Volt backplane interface. This is 
particularly important as other system elements 
(microprocessors, ASICs, memories) migrate to 
3.3 Volts at different rates. 

LVT I/O circuitry provides multiple 
output current ratings for multiple system 
requirements. LVT devices are specified to drive 
at rail-to-rail low voltage CMOS levels and 
standard 5 Volt TTL levels. LVT employs Bus 
Hold and Power-on-demand circuits increasing 
reliability, decreasing discrete component count 
and minimizing enabled and disabled static power 
consumption. Maximum Iccl, lech, and Iccz 
current specs are 5, 0.1 and 0.1 milliamps 
respectively. 

The majority of classic telecom end 
equipments can be classified into switching and 
transmission categories. Switching equipment 
such as central offices, cross connects and branch 
exchanges are analogous to large mainframes or 
supercomputers. ABT octal and Widebus product 
families are targeted for these telecom equipments. 

For transmission equipment such as line 
cards, bridgers and routers, product with enhanced 



datasheet specifications covering hot card insertion 
and power up/down is required. In these 
applications a board (card) is typically removed 
(inserted) from an active (hot) system for upgrade, 
maintenance or repair. The additional 
specifications characterize the device's 
performance when supply currents change (ramp) 
rapidly. 

It is necessary to know how the device 
behaves when Vcc is 0 Volts, when Vcc is at the 
rail (5.5 Volts) and when Vcc ramps between 
these voltages. To address this requirement 
specifically for telecom transmission applications, 
ABT transceiver datasheets take into account Ii, 
Iozh, Iozl and Ioz current conditions for various 
Vcc ramp rates. Transmission system designers 
can then profile ABT device performance in hot 
card insertion and power up/down conditions. 

SUMMARY 

4Texas Instruments provides the system 
designer with the most advanced products to date 
aiding the solution of complex design challenges. 
Advanced Bus Interface Logic (ABEL) products 
processed in sub-micron Advanced BiCMOS 
(ABT) address specific end equipment demands of 
the workstation, personal and portable computer, 
and telecom markets. Advanced fine-pitch 
package options such as SSOP, TSOP and SQFP 
offer space saving form factors. Circuit design 
techniques such as Bus Hold and 
Power-on-demand add value over competitive 
solutions. 

Hie evolutionary roadmaps of process 
and package technology are summarized 
graphically in Figure 11 (next page). Solid lines 
indicate process technology migration for CMOS 
and BiCMOS. The minimum process dimension 
is represented on the ordinate in units of microns. 
The dashed line indicates package technology 
migration from PDIP to SOIC to SSOP to SQFP. 
For the dashed line, the ordinate now represents 
minimum lead pitch in millimeters. 

The figure points out some interesting 
trends. BiCMOS solutions, initially well behind 
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their CMOS cousins in terms of performance, have 
closed the gap almost completely during the past 6 
years. For 5 Volt logic applications ABT offers 
significant opportunity over an equivalent CMOS 
version particularly with the advent of thermally 
sensitive fine-pitch packages like the SQFP. 

The Advanced BiCMOS opportunity is to 
provide more processing capability and overall 
throughput at a time when the next generation 
CMOS technologies are not quite ready or where a 
mixed technology approach provides a more 
practical solution. For ABIL products the high 
performance and drive capability of ABT are 
necessary for rack-mount supercomputers, 
workstation and telecom switching equipment 
However, the low power consumption of ABT is 
necessary if these end equipments are to easily 



exist on the desktop. Low voltage LVT product 
appears positioned to supply personal computer 
and battery systems as they strive to incorporate 
workstation performance in portable formats. 

As process geometries drop to 0.6 
microns and below, Advanced BiCMOS and 
Advanced CMOS will continue to do battle in the 
pursuit of the best low voltage solutions. Future 
enhancements to Advanced BiCMOS may include 
extensions to a complementary structure of NPN 
and PNP transistors to better cope with reduction 
in power supply voltages. As supply voltages 
drop to 2.6 Volts and below, it appears more than 
likely that Advanced BiCMOS and Advanced 
CMOS will coexist as viable product technologies 
each supporting a dedicated group of customers. 
Time will tell. 
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IMPORTANT NOTICE 



Texas Instruments Incorporated (Tl) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers 
to obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 

Tl warrants performance of its semiconductor products and related software to current 
specifications in accordance with Tl's standard warranty. Testing and other quality control 
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific 
testing of all parameters of each device is not necessarily performed, except those mandated 
by government requirements. 

Please be aware that Tl products are not intended for use in life-support appliances, devices, 
or systems. Use of Tl product in such applications requires the written approval of the 
appropriate Tl officer. Certain applications using semiconductor devices may involve potential 
risks of personal injury, property^ damage, or loss of life. In order to minimize these risks, 
adequate design and operating safeguards should be provided by the customer to minimize 
inherent or procedural hazards. Inclusion of Tl products in such applications is understood to 
be fully at the risk of the customer using Tl devices or systems. 

Tl assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does Tl warrant or 
represent that any license, either express or implied, is granted under any patent right, 
copyright, mask work right, or other intellectual property right of Tl covering or relating to any 
combination, machine, or process in which such semiconductor products or services might be 
or are used. 



Copyright © 1993, Texas Instruments Incorporated 
Printed in the U.S.A. 
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ABT FAMILY CHARACTERISTICS 



INTRODUCTION 



The purpose of this document is to assist the designers of 
high-performance digital logic systems in using the advanced 
BiCMOS technology logic family, referred to as ABT. 

Detailed electrical characteristics of these bus interface 
devices are provided and, if available, tables and graphs have 
been included that compare specific parameters of the ABT 
family with those of other logic families. 

In addition, typical data is provided to give the hardware 
designer a better understanding of how the ABT devices 
operate under various conditions. 



The major subject areas covered in the report are as follows: 

• AC Performance 

• Power Considerations 

• Input Characteristics 

• Output Characteristics 

• Signal Integrity 

• Advanced Packaging 

• Characterization Information 

The characterization information provided is typical data and 
is not intended to be used as minimum or maximum 
specifications, unless noted as such. 

For more information on Texas Instruments ABT logic 
products, please contact your local TI field sales office or an 
authorized distributor, or call Texas Instruments at 
1-800-336-5236. 



— Copyright© 1992, Texas Instruments Incorporated 
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ABT FAMILY CHARACTERISTICS 



AC PERFORMANCE 



As microprocessor operating frequencies increase, the period 
of time allotted for operations, such as memory access or 
arithmetic functions, decreases. With this in mind, Texas 
Instruments has developed a new family of bus interface 
devices - ABT, utilizing advanced BiCMOS technology. The 
goal of the ABT family of devices is to give system designers 
one bus interface solution which provides high drive 
capability, good signal integrity, and propagation delays short 
enough to appear transparent with respect to overall system 
performance. 

Advances in IC process technology including smaller 
minimum feature size, tighter metal pitch, and shallower 
junctions, combine to provide stronger drive strengths and 
smaller parasitic capacitances. As a result, internal 
propagation delays have become extremely short. With the 
advent of the 0.8-um, EPIC-IIB™ BiCMOS process and new 
circuit innovations, the ABT family offers typical 
propagation delays as low as 2-3 ns as shown in Figure 1. 
Maximum specifications are as low as 3-5 ns depending on 
the device type. 

Figure 2 shows the propagation delay versus change in both 
temperature and supply voltage for an 'ABT 16244 A, 
'FCT244A, and a 'F244 device. The graphs highlight two 
important aspects of the new ABT logic family. First, ABT 
interface devices have extremely short propagation delay 



times. The figures clearly show the improvement in speed of 
an ABT device over that of a 74F and 74FCTA device. 
Second, the variance in speed with respect to both 
temperature and supply voltage is minimal for ABT. At low 
temperatures, the increase in CMOS performance 
compensates for the decrease in bipolar device strength. At 
high temperatures, the reverse occurs. This complementary 
performance of both CMOS and bipolar devices on a single 
chip results in a slope which is virtually flat across the entire 
temperature range of -55°C to 125°C. 

For most applications, the datasheet specifications may not 
provide all of the information a designer would like to see for 
a particular device. For instance, a designer might benefit 
from data such as propagation delay with multiple outputs 
switching or with various loads. This type of data is extremely 
difficult to test using automatic test equipment; therefore, it 
is provided in this document as family characteristics shown 
in Figure 2 and Figure 3. 

In order to get a clear picture of where ABT stands in 
reference to other logic families, data is shown for a 
comparable (same function) 74F and 74FCTA device. It is 
clear that ABT is the designer's best choice for bus- interface 
applications which require consistent speed performance 
over various conditions. 
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ABT FAMILY CHARACTERISTICS 



POWER CONSIDERATIONS 

With the challenge to make systems more dense while 
improving performance comes the need to replace 
power-hungry devices without compromising speed. The 
ABT family of drivers provides a solution with low CMOS 
power consumption and high-speed bipolar technology 
together on a single device. 

There are two basic things to consider when calculating 
power consumption, static (dc) power and dynamic power. 
Static power is calculated using the value of Ice as shown in 
the datasheet. This is a dc value with no load on the outputs. 
To understand the relationship between pure CMOS, pure 
bipolar, and advanced BiCMOS for dc power rating, see 
Table 1 which shows the various datasheet values. The 
bipolar device shows the highest Iqq values, with little relief 
regardless of the state of the outputs. This is not the case with 
ABT octals, which offer the low static power consumption of 
CMOS while in the high-impedance state, or when the 
outputs are high (I ccz , Icch)- 

Dynamic power involves the charging and discharging of 
internal capacitances as well as the external load capacitance. 
It is this dynamic component which makes up the majority of 
the total power dissipation. Figure 4 shows power as a 
function of frequency for ABT, FCT and F devices. Although 
bipolar devices tend to have extremely high static power, 
there is a point on the frequency curve, commonly referred to 
as the crossover point, where the CMOS device no longer 
consumes less power. With ABT devices, the power increase 
at higher frequencies is less than that of the pure CMOS FCT. 

The use of bipolar transistors in the output stage is 
advantageous in two ways. First, the voltage swing is less than 



Table 1. Supply Current 



PARAMETER 


TEST CONDITIONS 


'F244 


'FCT244 


SN74ABT244 


MIN MAX 


MIN MAX 


MIN MAX 


•cc 


V C C = 5.5V, 

io = o, 

V| = Vcc or GND 


Outputs high 


60 mA 




250 uA 


Outputs low 


90 mA 




30 mA 


Outputs disabled 


90 mA 




250 uA 




Vqc = maximum, V > Vqc - 0.2 V, V < Vqc - 0.2 V 




1.5 mA 
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with a CMOS output, reducing the power consumed when 
charging or discharging the external load. Second, bipolar 
transistors are capable of turning off more efficiently than 
CMOS transistors, thus reducing the flow of current from 
Vqc to GND. Combined, these features allow for better 
power performance at high frequencies. 
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INPUT CHARACTERISTICS 



ABT bus interface devices are designed to guarantee 
TTL-compatible input levels switching between 0.8 V and 
2 V (typically 1.5 V). Additionally, these inputs are 
implemented with CMOS circuitry, resulting in high 
impedance (low leakage) and low capacitance which reduces 
overall bus loading. This section is an overview of the 
circuitry utilized for a typical ABT input, the corresponding 
electrical characteristics, and guidelines for proper 
termination of unused inputs. 

ABT Input Circuitry 



order to shift the threshold voltage to be centered around 
1.5 V (see Figure 6), the supply voltage of the input stage is 
dropped by the diode, Dl, and the transistor, Ql. Reducing 
the voltage at the source of Q p enables it to turn off more 
efficiently when flow is from Vqq to GND (Alec)- When the 
input is in the low state, Q r raises the voltage of the source of 
Qp t0 Vccto ensure proper operation of the following stage. 
This feedback circuit provides approximately 100 mV of 
input hysteresis which increases the noise margin and helps 
ensure the device will be free from oscillations when operated 
within specified input ramp rates. 



Figure 5 shows a typical ABT input schematic. A pure 
CMOS-input threshold is normally set at one half of Vqc- ^ n 



Drops Supply 
Voltage 



Inverter 




V C C 
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Figure 5. Simplified Input Stage of an ABT Circuit 
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ABT FAMILY CHARACTERISTICS 



INPUT CURRENT LOADING 



The utilization of sub-micron (0.8-(xm) CMOS technology 
for the input stage of ABT devices causes minimal loading of 
the system bus due to low leakage currents and low 
capacitance. The small geometries of the EPIOIIB™ process 
have resulted in capacitances as low as 3 pF for inputs and 
8 pF for C j/o of a transceiver. Figure 7 and Table 2 indicate the 
low input current performance and specifications. 
Considering this low capacitance along with the negligible 
input current, it is clear that systems designers will be able to 
decrease their overall bus loading. 
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Table 2. Input Current Specifications 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT245 


SN74ABT245 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


l| 


Vcc = 5.5 V, V| =Vcc or GND 


±1 


±1 


±1 


HA 


'OZHt 


Vcc = 5.5 V, V 0 =2.7 V 


50 


50 


50 


|iA 


'OZLf 


Vcc = 5.5 V, V 0 =0.5 V 


-50 


-50 


-50 


HA 



t The parameters Iqzh ancl 'OZL include the input leakage current 



EPIC-IIB is a trademark of Texas Instruments incorporated. 
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ABT FAMILY CHARACTERISTICS 



SUPPLY CURRENT CHANGE (AI CC ) 



Because ABT devices utilize a CMOS-input stage but operate 
in a TTL-level signal environment, there is a current 
specification unique to this set of conditions known as Alec- 
Given a CMOS inverter with the input voltage set so that both 
the p and n channel devices are on, current will flow from Vcc 
to GND. This can occur when the input to an ABT device is 
at a valid high level (>2 V) which will turn on the n-channel, 
but not high enough to completely turn off the p-channel 



device. The current which flows under these conditions is 
specified in the datasheet (AI C c) and is measured one input at 
a time with the input voltage set at 3.4 V. Figure 8 shows the 
change in Ice as me m P ut * s ramped from 0 V to 5 V. For ABT 
non-storage devices, a feature is added which turns the input 
off when the outputs are disabled in order to reduce power 
consumption (see Table 3 for an example. Refer to individual 
datasheets for this specification). 
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Table 3. Supply Current Change (Alec) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT244 


SN74ABT244 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


Alcct 


V| = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or ^ ND 


Outputs enabled 


1.5 


1.5 


1.5 


mA 


Outputs disabled 


50 


50 


50 


uA 



t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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Proper Termination of Unused Inputs 

With advancements in speed, logic devices have become 
more sensitive to slow input edge rates. A slow input edge 
rate, coupled with the noise generated on the power rails 
when the output switches, can cause excessive output 
glitching or, in some cases, oscillations. Similar situations can 
occur if an unused input is left floating or not being actively 
held at a valid logic level. 

These problems are due to voltage transients induced on the 
device's power system as the output load current (Iq) flows 
through the parasitic lead inductances during switching (see 
Figure 9). Since the device's internal power-supply nodes are 
used as voltage references throughout the integrated circuit, 
the inductive voltage spikes (Vg n( j) affect the way signals 
appear to the internal gate structures. For instance, as the 
voltage at the device's ground node rises, the input signal 
(Vi') will appear to decrease in magnitude. This undesirable 



phenomena can erroneously change the output's transition if 
a threshold violation takes place. 

In the case of a slowly rising input edge, if the ground move- 
ment is large enough, the apparent signal, Vi', at the device 
will appear to be driven back through the threshold and the 
output will start to switch in the opposite direction. If worst- 
case conditions prevail (simultaneously switching all of the 
outputs with large transient load currents) the slow input edge 
will be repeatedly driven back through the threshold, result- 
ing in output oscillation. 

ABT devices are recommended to have input edge rates faster 
than 5 ns/V for standard parts, and 10 ns/V for the Widebus™ 
series of products when the outputs are enabled. A critical 
area for this edge rate is in the transition region between 1 V 
and 2 V. It is also recommended to hold inputs or I/O pins at 
a valid logic high or low when they are not being used or when 
the part driving them is in the high-impedance 
state. 
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Figure 9. Sample Input/Output Model 
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OUTPUT CHARACTERISTICS 



The current trend is consolidation of tjie functionality of mul- 
tiple logic devices into complex, high pin-count ASICs and 
programmables. There are a number of important advantages 
for utilizing bus-interface devices in standard high- volume 
packages. These include the need for high drive capability 
and good signal integrity. The use of bipolar circuitry in the 
output stage makes it possible to provide these requirements, 
along with increased speed, using the ABT family. 

Figure 10 shows a simplified schematic of an ABT output 
stage. Data is transmitted to the gate of Ml, which acts as a 
simple current switch. When Ml is turned on, current flows 
through Rl and Ml to the base of Q4, turning it on and driving 
the output low. At the same time, the base of Q2 is pulled low, 
thus turning off the upper output. For a low-to-high transition, 



the gate of Ml must be driven low, turning Ml off. Current 
through Rl will charge the base of Q2, pulling it high and 
turning on the Darlington pair consisting of Q2 and Q3. 
Meanwhile, with its supply of base drive cut off, Q4 turns off, 
and the output switches from low to high. R2 is used to limit 
output current in the high state, and Dl is a blocking diode 
used to prevent reverse current flow in specific power-down 
applications. 

A clear advantage of using bipolar circuitry in the output 
stage (as opposed to CMOS) is the reduced voltage swing. 
This helps to lower ground noise and reduce power 
consumption. Refer to the sections on Signal Integrity and 
Power Considerations for further information. 




vcc 



Figure 10. Simplif ied ABT Output Stage 
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Output Drive 

The Iqh an d Iol curves for a typical ABT output are shown 
in Figure 11. With a specified Iql of 64 mA and Iqh of 
-32 mA, ABT will accommodate many standard backplane 
specifications. However, these devices are capable of driving 
well beyond these limits. This is important when considering 
switching a low-impedance backplane on the incident wave. 

Incident-wave switching ensures that for a given transition 
(either high-to-low or low-to-high) the output will reach a 
valid Vjh or Vjl level on the initial wave front (i.e., does not 
require reflections). Figure 12 shows the possible problems 
a designer might encounter when a device does not switch on 
the incident wave. A shelf below ViL( max ) signal A, will 
cause the propagation delay to slow by the amount of time it 
takes for the signal to reach the receiver and reflect back. 
Signal B shows the case where there is a shelf in the threshold 
region. When this happens the input to the receiver is 
uncertain and could cause several problems associated with 
slow input edges, depending on the length of time the shelf 
remains in this region. A signal as seen in example C will not 
cause a problem because the shelf does not occur until the 
necessary Vjh level has been attained. 

Using typical Vqh an d Vql values along with data points 
from the curves, ABT devices can typically drive lines in the 
25-Q range on the incident wave. 

For a low-to-high transition, 
(Iqh = 85 mA @ V 0H = 2.4 V) 



Z LH : 



V0H(min)-V QL (typ) 2.4V-0.3V 



For a high-to-low transition, 
(I 0L = B5 mA@V 0L = 0.5 V) 



V OH( tv P) - VpL( max )_ 

Iql 



85 mA 



3.5 V-0.5 V 
135 mA 



25 a 



22 Q 
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Figure 11. Typical ABT Output Characteristics 
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VlH(min) 
VlL(max) 




O0 0 

Figure 12. Reflected Wave Switching 
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Partial Power Down 

One application, addressed when designing the ABT family, 
is partial system power down. When using a standard CMOS 
device, there is a path from either the input or the output (or 
both) to Vcc- This prevents partial power down for such 
applications as hot card insertion without adding current 
limiting components. This is not the case with ABT as these 
paths have been eliminated with the use of blocking diodes. 



vcc 



D2 



V C C 



Input 



D3 



Output 



Figure 13 shows functionally equivalent schematics of the 
input structures for CMOS and ABT devices. 

Consider the situation shown in Figure 14. The driving device 
is powered with Vqc = 5 V while the receiving device is 
powered down (Vcc = 0)- If these devices are CMOS, the 
receiver can be powered up through the diode, D2 when the 
driver is in a high state. ABT devices do not have a 
comparable path and are thus immune to this problem, 
making them more desirable for this application. 



Input 



D5 



Output 



D6 



(a) CMOS EQUIVALENT INPUT STRUCTURE 



(b) ABT EQUIVALENT INPUT STRUCTURE 



Figure 13. Simplified Input Structures for CMOS and ABT Devices 



V C C = 5V V C C = 0 
• m 

£° > 

Figure 14. Example of Partial System Power Down 



Texas . 
Instruments 

16-22 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



ABT FAMILY CHARACTERISTICS 



SIGNAL INTEGRITY 



A frequent concern system designers have is the performance 
degradation of ICs when outputs are switched. Texas 
Instruments priority when designing the ABT bus interface 
family is to insure signal integrity and eliminate the need for 
excess settling time of an output waveform. This section 
addresses the simultaneous switching performance of both 
the ABT octals and the Widebus™ functions. 

Simultaneous Switching Phenomenon 

NO TAG shows a simple model of an output pin, including 
the associated capacitance of the output load and the inherent 



inductance of the ground lead. The voltage drop across the 
GND inductor, Vl, is determined by the value of the 
inductance and the rate of change in current across the 
inductor. When multiple outputs are switched from high to 
low, the transient current (di/dt) through the GND inductor 
generates a difference in potential on the chip ground with 
respect to the system ground. This induced GND variation 
can be observed indirectly as shown in Figure 16. The voltage 
output low peak ( Vqlp) is measured on one quiet output when 
all others are switched from high to low. 



Figure 15. Simultaneous Switching Output Model 
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NOTE: Vqlp = Maximum (peak) voltage induced on a 
quiescent low-level output during switching of other outputs 

Figure 16. Simultaneous Switching Noise Waveform 
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A similar phenomena occurs with respect to the VqC pl ane on 
a low-to-high transition, known as voltage output high valley 
(Vohv)- Most problems are associated with a large Vqlp 
because the range for a logic 0 is much less than the range for 
a logic 1, as seen in Figure 17. For a comprehensive 
discussion of simultaneous switching, see the "Simultaneous 
Switching Evaluation and Testing" application note or the 
Advanced CMOS Logic Designer 's Handbook from Texas 
Instruments. 



The impact of these voltage noise spikes on a system can be 
extreme. The noise can cause loss of stored data, severe speed 
degradation, false clocking, and/or reduction in system noise 
immunity. For an overview of how propagation delay is 
affected by the switching of multiple outputs, please refer to 
the AC Performance section of this document. 
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Figure 17. TTL dc Noise Margin 
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Simultaneous Switching Solutions 

Some methods an IC manufacturer can use to reduce the 
effects of simultaneous switching include: reducing the 
inductance of the power pins, adding multiple power pins, 
and controlling the turn on of the output. These techniques 
are described in depth in the 1988 Texas Instruments 
Advanced CMOS Logic (ACL) Designer's Handbook. 

Octal ABT devices employ the standard end-pin GND and 
Vcc configuration while maintaining acceptable 
simultaneous switching performance, as seen in Figure 18. 
This is due to the TTL-level output swing (0.3-3 V) and a 
controlled feedback which limits the base drive to the lower 
output. 

7 Switching 1 Low HL A -> B 
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Figure 18. ABT646A 
Simultaneous Switching Waveform 



The ABT Widebus™ series (16-, 18-, and 20-bit functions) 
are offered in an SSOP package (see the Packaging section 
of this document) which was developed by Texas Instruments 
to save valuable board space and reduce simultaneous switch- 
ing effects. One might expect an increase in noise with six- 
teen outputs switching in a single package; however, the si- 
multaneous switching performance is actually improved. 
There is a GND pin for every two outputs and a Vcc P m f° r 
every four. This allows the transient current to be distributed 
across multiple power pins and decreases the overall di/d t ef- 
fect. This results in a typical Vqlp value on the order of 
500 mV for the ABT16500, as shown in Figure 19. 



17 Switching 1 Low HL B -> A 
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Figure 19. ABT16500A 
Simultaneous Switching Waveform 
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ADVANCED 

Along with a strong commitment to provide fast, low- power, 
high-drive integrated circuits, Texas Instruments is the 
clear-cut leader in logic packaging advancements. The 
development of the shrink small- outline package (SSOP) in 
1989 provided system designers the opportunity to reduce the 
amount of board space required for bus interface devices by 
50%. Several 24-pin solutions including the familiar SOIC, 
the SSOP, and the TSOP (thin small-outline package) are 
shown in Figure 20. 

The 48/56-pin SSOP packages allow for twice the 
functionality (16-, 18-, and 20-bit functions) in 



PACKAGING 

approximately the same board area as a standard SOIC. This 
is accomplished by using a 25-mil (0.635 mm) lead pitch, as 
opposed to 50-mil (1.27 mm) in SOIC. NO TAG shows a 
typical pinout structure for the 48-pin SSOP. The 
flow-through architecture is standard for all Widebus™ 
devices, making signal routing easier during board layout. 
Also note the distributed GND and VqC P ms » which improve 
simultaneous switching effects as discussed in the Signal 
Integrity section of this document. 




24-pin SOIC 
Area = 165 mm 2 



48-pin SSOP 
.Area = 171 mm 2 



24-pin SOIC 



-A 



Height = 2.65 mm 
Volume = 437 mm 3 
Lead pitch = 1.27 mm 



48-pin SSOP 



Height = 2.74 mm 
Volume = 469 mm 3 
Lead pitch = 0.635 mm 




24-pin SSOP 
Area = 70 mm 2 



24-pin SSOP 

Height = 2.0 mm 
Volume = 140 mm 3 
Lead pitch = 0.65 mm 



24-pin TSOP 
Area = 54 mm 2 



24-pin TSOP 

Height = 1.1 mm 
Volume = 59 mm 3 
Lead pitch = 0.65 mm 



Figure 20. 24-Pin Surface Mount Comparison 



16-Bit 



8-Bit 



8-Bit 









10E C 


1 


48 


1Y1 [ 


2 


47 


1Y2 [ 


3 


46 


GND L 


4 


45 


1Y3 C 


5 


44 


1Y4 £ 


6 


43 


Vcc I 


7 


42 


2Y1 [ 


8 


41 


2Y2 [ 
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Figure 21. Distributed Pinout of 'ABT16244A 
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When using the small pin count SSOPs (8-, 9-, and 10-bit 
functions) the same functionality will occupy less than half 
the board area of a SOIC (70 mm 2 vs 165 mm 2 ). There is also 
a height improvement over the SOIC which is beneficial 
when the spacing between boards is a consideration. For very 
dense memory arrays the packaging evolution has been taken 
one step further with the emerging TSOP. The TSOP 



thickness of 1.1 mm gives a 58% height improvement over 
the SOIC. 

Table 4 provides a quick reference of the mechanical 
specifications of the various SSOP packages. If more specific 
information is required see the SSOP Designer's Handbook 
or the application note Advanced Bus Interface Solutions 
Utilizing Fine Pitch Surface Mount Packages. 



Table 4. SSOP Metric Specifications 



PACKAGE SPECIFICATIONS 


PIN SPECIFICATIONS 


PACKAGE 
TYPE 


PINS 


INDUSTRY 
STANDARD 


THICKNESS 
(mm) 


BODY 
WIDTH 
(mm) 


STANDOFF 
HEIGHT 
(mm)t 


PIN 
PITCH 
(mm) 


PIN 
WIDTH 
(mm) 


SSOP 


20 


EIAJ 


2.00 


5.3 


0.05 


0.650 


0.30 


SSOP 


24 


EIAJ 


2.00 


5.3 


0.05 


0.650 


0.30 


SSOP 


28 


JEDEC 


2.59 


7.5 


0.20 


0.635 


0.25 


SSOP 


48 


JEDEC 


2.59 


7.5 


0.20 


0.635 


0.25 


SSOP 


56 


JEDEC 


2.59 


7.5 


0.20 


0.635 


0.25 



t Minimum values 
Ail values are maximum typical values unless otherwise indicated. 
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SN54ABT646A, SN74ABT646A 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS069D - D3856, JULY 1991 - REVISED JULY 1993 



State-of-the-Art EP/C-IIS™ BiCMOS Design 
Significantly Reduces Power Dissipation 
ESD Protection Exceeds 2000 V Per 
MIL-STD-883C, Method 3015; Exceeds 
200 V Using Machine Model (C = 200 pF, 
R = 0) 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard J ESD- 17 

Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

High-Drive Outputs (-32-mA Iqh> 
64-mA Iql) 

Package Options Include Plastic 
Small-Outline (SOIC) and Shrink 
Small-Outline (SSOP) Packages, Ceramic 
Chip Carriers, and Plastic and Ceramic 
DIPs 



description 



SN54ABT646A . . . JT PACKAGE 
SN74ABT646A . . . DB, DW, OR NT PACKAGE 
(TOP VIEW) 



CLKAB J 1 U 24h V CC 



SAB[ 2 
DIR[ 3 
A1[ 4 
A2[ 5 
A3[ 6 
A4[ 7 
A5[ 8 
A6[ 9 
A7[ 10 
A8[ 11 

GND[ 12 



23 ] CLKBA 
22] SBA 
21 ] OE 
20 ] B1 
19 ] B2 
18 ] B3 
17] B4 
16 ] B5 
15 ] B6 
14 ] B7 
13 ] B8 



SN54ABT646A . . . FK PACKAGE 
(TOP VIEW) 



o 



< 

CD _ 
< 

O — I 00 
> O CO 



Q CO O 
LJLJLJLJLJI— ILJ 



4 3 2 1 



28 27 26 

25L 



A1 ] 5 
A2 ]6 
A3]7 
NC ]8 
A4 ]9 
A5 ]10 

A6 ]11 12 13 14 15 16 17 1Q 

l nrinnririri 




I s - CO Q Q 00 S 
< < Z z CD CD 

O 

NC - No internal connection 



These devices consist of bus transceiver circuits, 
D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the 
input bus or from the internal registers. Data on the 
A or B bus is clocked into the registers on the 
low-to-high transition of the appropriate clock 
(CLKAB or CLKBA) input. Figure 1 illustrates the 
four fundamental bus-management functions that 
can be performed with the 'ABT646A. 

Output-enable (OE) and direction-control (DIR) 
inputs are provided to control the transceiver 
functions. In the transceiver mode, data present at 
the high-impedance port may be stored in either 
register or in both. 

The select-control (SAB and SBA) inputs can multiplex stored and real-time (transparent mode) data . The 
direction control (DIR) determines which bus will receive data when OE is low. In the isolation mode (OE high), 
A data may be stored in one register and/or B data may be stored in the other register. 

When an output function is disabled, the input function is still enabled and may be used to store and transmit 
data. Only one of the two buses, A or B, may be driven at a time. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT646A is available in Tl's shrink small-outline package (DB), which provides the same I/O pin count 
and functionality of standard small-outline packages in less than half the printed-circuit-board area. 

The SN54ABT646A is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT646A is characterized for operation from -40°C to 85°C. 



EPIC-IIB is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of publication date. — Copyright © 1993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas instruments W tm 

standard warranty. Production processing does not necessarily include TVt-wA 

testing of all parameters. 1EXAS 
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SN54ABT646A, SN74ABT646 A 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS069P- P3856, JULY 1991 - REVISED JULY 1993 
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Figure 1. Bus-Management Functions 

Pin numbers shown are for the DB, DW, JT, and NT packages. 
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OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS069D - D3856, JULY 1991 - REVISED JULY 1993 



FUNCTION TABLE 



INPUTS 


DATA l/Os 


rtDCDATinfci rto ci ihis v rif , >fci 

UrCriAl IV/N Un rUIXV/ i i\jn 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1 THRU A8 


B1 THRU B8 


X 


X 


t 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


t 


X 


X 


Unspecifiedt 


Input 


Store B, A unspecifiedt 


H 


X 


t 


t 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


HorL 


HorL 


X 


X 


Input disabled 


Input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


HorL 


X 


H 


Output 


Input 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


L 


H 


HorL 


X 


H 


X 


Input 


Output 


Stored A data to B bus 



t The data output functions may be enabled or disabled by various signals at the OE and DIR inputs. Data input functions are always enabled; 
i.e., data at the bus pins will be stored on every low-to-high transition of the clock inputs. 

logic symbol* 



OE 
DIR 

CLKBA 
SBA 

CLKAB 
SAB 



A1 



A2 
A3 
A4 
A5 
A6 
A7 
A8 



4 

4 ► 



10 



11 



21 


K 


3 








23 




22 


1 


2 





G3 

3 EN1 [BA] 
3 EN2 [AB] 
>C4 
G5 
>C6 
G7 

P 



>1 



V 1 



6D 



1 7 



4D 



5 1 



>1 



2V 



20 



19 



18 



17 



16 



15 



14 



13 



B1 



B2 
B3 
B4 
B5 
B6 
B7 
B8 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DB, DW, JT, and NT packages. 
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OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS069D - D3856, JULY 1991 - REVISED JULY 1993 



logic diagram (positive logic) 

21 




v 

To Seven Other Channels 



Pin numbers shown are for the DB, DW, JT, and NT packages. 
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SN54ABT646A, SN74ABT646A 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS069D - D3856, JULY 1991 - REVISED JULY 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output In the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT646A 96 mA 

SN74ABT646A 128 mA 

Input clamp current, l|K (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v o < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DB package 0.7 W 

DW package 1 W 

NT package 1.3 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 







SN54ABT646A 


SN74ABT646A 


UNIT 






MIN MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


v 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


5 


5 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


. 85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 
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OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS069D - D3856, JULY 1991 - REVISED JULY 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT646A 


SN74ABT646A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l|=-18mA 


-1.2 


-1.2 


-1-2 


V 


Voh 


V C C = 4.5V, l 0 H = -3mA 


2.5 


2.5 


2.5 


V 


VcC = 5V, loH = -3mA 


3 


3 


3 


V CC = 4 5 v » 'OH = ~ 24 m A 


2 


2 




Vcc = 4 -5V, loH = -32mA 


2* 




2 


vol 


V C C = 4.5V, l 0 L = 48mA 


0.55 


0.55 




V 


Vcc = 4 -5V, lQL = 64mA 


0.55* 




0.55 


h 


Vcc = 5.5 V, 
V| = Vcc or GND 


Control inputs 


±1 


. ±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


•ozh^ 


Vcc = 5-5 V, Vq = 2.7 V 


10H 


10H 


10H 


HA 


•ozlS 


Vcc = 5.5 V, V O = 0.5V 


-10H 


-10H 


-10H 


uA 


•off 


Vcc = 0. v l ^ v O ^ 4 - 5 V 


±100 




±100 




«CEX 


V C C = 5.5 V, V 0 = 5.5 V 


Outputs high 


50 


50 


50 


jxA 


l 0 # 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, "0 = 0, 
V| - V C c o r GND 


Outputs high 


250 


250 


250 


HA 


Outputs low 


30 


30 


30 


mA 


Outputs disabled 


250 


250 


250 


jiA 


Alec" 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5Vor 0.5 V 


Control inputs 


7 






PF 


Qo 


Vo = 2.5 V or 0.5 V 


A or B ports 


12 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters Iozh and 'OZL include the input leakage current. 
11 This data sheet limit may vary among suppliers. 

# Not more than orte output should be tested at a time, and the duration of the test should not exceed one second. 
II This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





V C C = 5V, 
T A = 25°C 


SN54ABT646A 


SN74ABT646A 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


0 125 


0 125 


0 125 


MHz 


t w Pulse duration, CLK high or low 


4 


4 


4 


ns 


t su Setup time, A or B before CLKABt or CLKBAt 


3 


3,5 


3 


ns 


t n Hold time, A or B after CLKABt or CLKBAt 


0 


1.5 


0 


ns 
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SN54ABT646A, SN74ABT646A 
OCTAL BUS TRANSCEIVERS AND REGISTERS 
WITH 3-STATE OUTPUTS 

SCBS069D - D3856, JULY 1991 - REVISED JULY 1993 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 2) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT646A 


SN74ABT646A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 






125 


125 


125 


MHz 


tpi_H 


CLKBA or CLKAB 


AorB 


2.2 


4 


5.1 


2.2 


6.7 


2.2 


5.6 


ns 


tpHL 


1.7 


4 


5.1 


1.2 


6.7 


1.7 


5.6 


tpm 


AorB 


Bor A 


1.5 


3 


4.3 


1.5 


5 


1.5 


4.8 


ns 


tpHL 


1.5 


3.3 


4.6 


1.5 


5.6 


1.5 


5.4 


tpLH 


SAB orSBAt 


BorA 


1.5 


4 


5.1 


1.5 


7.8 


1.5 


6.5 


ns 


tPHL 


1.5 


3.6 


4.9 


1.5 


6.2 


1.5 


5.9 


tPZH 


OE 


A orB 


1.5 


4.3 


5.3 


1.5 


7 


1.5 


6.3 


ns 


tPZL 


3 


5.8 


7.4 


3 


10.5 


3 


8.8 


tPHZ 


OE 


AorB 


1.5 


3.5 


4.5 


1 7.3 


1.5 


5 


ns 


tPLZ 


1.5 


3 


4 


1.5 


5.7 


1.5 


4.5 


tPZH 


DIR 


AorB 


1.5 


4.5 


5.7 


1.5 


7.3 


1.5 


6.7 


ns 


tPZL 


2.5 


6.5 


9 


2.5 


11 


2.5 


9.5 


tPHZ 


DIR 


AorB 


1.5 


3.8 


5 


1 9 


1.5 


5.7 


ns 


tPLZ 


1.5 


3.8 


4.7 


1.2 


6.7 


1.5 


6 



t These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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SN54ABT646A, SN74ABT646A 

OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS069D - D3856, JULY 1991 - REVISED JULY 1993 



From Output - 

Under Test 

C L = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 



500 Q 

-vw- 



500 Q 



S1, 



p 7V 

O Open 
9 GND 



TEST 


S1 


tPLHflPHL 
tPLZflPZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



t w 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 
0 V 



Timing Input 



Data Input 



X 



1.5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



tpZL-^| 



\l.5V \S 

\ I / VOL + 0-i 

i tpHz -*i k- 

tpZH -*| |«- | 



VQH-0-3V 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR << 1 0 MHz, Zq = 50 U t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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CHARACTERIZATION DATA FOR SN54ABT646A AND SN74ABT646A 



Propagation Delay Time vs Temperature 



PROPAGATION DELAY TIME 
LOW-TO-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
A to B 



E c 

[= l 

II 

O Q) 

to o 

O) _J 
(0 ■ 

a 

p & 



4.00 
3.75 
3.50 
3.25 
3.00 
2.75 
2.50 
2.25 



2.00 
-55 



C L = 5( 
1 Outp 


>PF 

jt Switching 








































vcc = 


4.5 V 


^ 1 








v C c = 


5 V ^ 










vcc = 


5.5 V 



























-25 5 35 65 95 
Ta - Operating Free-Air Temperature - °C 



125 



PROPAGATION DELAY TIME 
HIGH-TO-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
A to B 



0) CO 



4.00 
3.75 
3.50 



E 

F ' 

I §■ 3.25 

? - 

I § 3.00 

to « 

o> -J 

I I 2.75 

_, * 2.50 



2.25 



2.00 



C L = 50 pF 
1 Output Switc 


ling 
















• " Vcc 


^ '# * 

= 4.5 V 






















v cc 


= 5^. 
























= 5.5 V 



























-55 -25 5 35 65 95 
Ta - Operating Free-Air Temperature - C 



12! 



PROPAGATION DELAY TIME 
LOW-TO-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
CLKAB to B 



• a) 
E c 
I— I 

Si 

o o 

to 0 
O) -J 

s f 
"I 

it 

Q- -1 



5.00 
4.75 
4.50 
4.25 
4.00 
3.75 
3.50 
3.25 
3.00 



C L = 50 pF 
1 Output Switc 


ling 


























vcc = 


4.5 V^ 




" * * • 










— 










^vcc 


- 5.5 V 





































& B- 

Q O 

5 • 
o > 

«5 0) 

(0 -I 

O) J. 

jn g 

6 o 

Q. O 

X I 



4.00 
3.75 
3.50 
3.25 
3.00 
2.75 
2.50 
2.25 



2.00 



PROPAGATION DELAY TIME 
HIGH-TO-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
CLKAB to B 



C|_ = 50 pF 
1 Output Switc 


hing 




vcc = 


4.5 V , 
























5.5 V 
















* m « • 

C = 5V 















































-55 -25 5 35 65 95 125 
Ta - Operating Free-Air Temperature - °C 



-55 -25 5 35 65 95 12! 
Ta - Operating Free-Air Temperature - °C 
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CHARACTERIZATION DATA FOR SN54ABT646A AND SN74ABT646A 



E S 
F i 
% 3 

5! 

o a> 

2 S 
* I 



Propagation Delay Time vs Temperature 

PROPAGATION DELAY TIME 
LOW-TO-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
SAB to B 



6.0 
5.7 
5.4 
5.1 
4.8 
4.5 
4.2 
3.9 
3.6 
3.3 
3.0 



Cl = 50 
-1 Outpi 

k 

% 

% 


PF 

it Switct 


jpg 


























= 4.5V 










































vcc = 


5V 






















vcc 


= 5.5 V 

























-55 -25 5 35 65 95 125 
Ta - Operating Free-Air Temperature - C 



<D CO 

II 

> 3 

co a. 

IS 

s 1 

II 

I! 



5.0 
4.7 
4.4 

4.1 
3.8 
3.5 
3.2 



2.9 
2.6 
2.3 
2.0 



PROPAGATION DELAY TIME 
HIGH-TO-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
SAB to B 



C L = 5 
1 Outp 


OpF 
Lit Switc 










ling — 
















vcc = 


4.5 V 
























:5 V 










— 


= 5.5V 
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CHARACTERIZATION DATA FOR SN54ABT646A AND SN74ABT646A 



Propagation Delay Time vs Temperature 



PROPAGATION DELAY TIME 
ENABLE-TO-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
OE toB 



E c 

1= i 

iS a 

5? 

o a> 

S3 

13 



N.SP 



6.0 
5.7 
5.4 
5.1 
4.8 
4.5 
4.2 
3.9 
3.6 
3.3 



3.0 



Cl = 50 pF 
_ 1 Outnut Switchina 








k 
























































vcc = 


5V 






















v C c = 


5.5 V 



























-55 -25 5 35 65 95 125 
Ta - Operating Free-Air Temperature - C 



PROPAGATION DELAY TIME 
DISABLE-FROM-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
OE to B 



CL 

I 

N 5 
I o 

0- _J 



4.0 



3.7 



3.4 



o) 3.1 
r 
6 



2.8 



2.5 



C|_ = 5 
1 Outp 


OpF 

ill OWI lis 










% 








v C c = - 


.5 V 






















v C c = J 
vcc = 


V 
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T/v - Operating Free-Air Temperature - °C 



PROPAGATION DELAY TIME 
ENABLE-TO-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
OE to B 



E 



il 

O 0) 
CD -J 

If 

N g 

3 — ' 



9.0 
8.6 
8.2 
7.8 
7.4 
7.0 
6.6 
6.2 
5.8 
5.4 
5.0 



C L = 50 pF 

1 Outout Switchina 








% 














% 

^ % 














* % 








\ 








■ . vcc 


= 4.5 V 
" • « 






















^ycc 


= 5V 










¥cc 


= 5.5 V 



























-55 -25 5 35 65 95 125 
T/v - Operating Free-Air Temperature - °C 



4.0 



3.5 



JS a 
a> 

o a> 



If 
1- 1 



3.0 



2.5 



2.0 



1.5 



PROPAGATION DELAY TIME 
DISABLE-FROM-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
OE to B 



C L = 5( 
1 Outp 


JpF 

ut Switc 


ling 
















V C C = 4 


.5 V 








Vpc = 5 


V 




V 


CC = 5.5 


V 
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CHARACTERIZATION DATA FOR SN54ABT646A AND SN74ABT646A 



Propagation Delay Time vs Temperature 



PROPAGATION DELAY TIME 
ENABLE-TO-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
DIRtoB 



E 



& 
c 
o 

CO 



6.0 



5.7 



5.4 



5 



2 °i 5.1 

GL 
I 



4.8 



4.5 



Cl = 5 
1 Outp 


DpF 

■ it Switr 


ling 
















/ C C = 4. 


5 - 










vcc = 


5 V 








^ 




5.5 V 
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T/v - Operating Free-Air Temperature - °C 



PROPAGATION DELAY TIME 
DISABLE-FROM-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
DIR to B 



5.3 



5.0 > 



1 S 4.7 
£ I 4.4 

2- 1 
§ j 41 

EP t 1 3.8 

s. 4 

Q. j 3.5 

2.9 
2.6 



Cl = 50 pF 

1 Output Switching 








% 








Vcc=y 


L5 V 


























\ 








v C c = J 


V 




















VCC = ! 


>.5V 



























-55 -25 5 35 65 95 
T A ~ Operating Free-Air Temperature - °C 



125 



PROPAGATION DELAY TIME 
ENABLE-TO-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
DIR to B 



0) 

E 
F 



I 



7.2 
6.9 
6.6 
6.3 
6.0 
5.7 
5.4 
5.1 
4.8 
4.5 



C L = 50 pF 

1 Output Switching 





















% 

% 
































*vcc = 


1.5 V 






















V CC = 5 


V 

5.5 V 










"vcc = 















-55 -25 5 35 65 95 125 
T A _ Operating Free-Air Temperature - °C 



E 2 

F i 

% I 

S | 

c O 

.2 1 



Q. X 

I o 



4.9 
4.6 
4.3 
4.0 
3.7 
3.4 



3 t M 



2.8 
2.5 



PROPAGATION DELAY TIME 
DISABLE-FROM-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
DIRtoB 



C|_ = 50 pF 

1 Output Switching 














vcc = < 






























v cc = J 


V 






















v C c = i 


i.5V^ 
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Ta - Operating Free-Air Temperature - C 
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CHARACTERIZATION DATA FOR SN54ABT646A AND SN74ABT646A 



Propagation Delay Time vs Number of Outputs Switching 



PROPAGATION DELAY TIME 
vs 

NUMBER OF OUTPUTS SWITCHING 
A to B 



E 
P 



Q 
C 

o 



a 
2 

Q. 

I 



5.1 
4.8 
4.5 
4.2 
3.9 
3.6 
3.3 
3.0 



V C C = 5 V 
T A = 25°C 










tPLH 




»u pr 








* 


9 — 














tPHL 








* 



















































1 2 3 4 5 6 7 
Number of Outputs Switching 



PROPAGATION DELAY TIME 
vs 

NUMBER OF OUTPUTS SWITCHING 
A to B 



8.3 



c 7.5 



E 
F 



6.7 



o 5.9 



2 5.1 



a. 

i 



4.3 



3.5 



V C C = 5 V 
T A = 25°C 
Ci = 50 pF 
























tPHZ 




























tpZH 































1 2 3 4 5 6 7 
Number of Outputs Switching 



E 

F 



.2 
« 

O) 

2 

Q. 

I 



PROPAGATION DELAY TIME 
vs 

NUMBER OF OUTPUTS SWITCHING 
A to B 



V C C = 5V 
T A = 25°C 










tPZL 


u L = t 


>u pi- 




















































tPLZ 













































1 2 3 4 5 6 7 8 
Number of Outputs Switching 
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CHARACTERIZATION DATA FOR SN54ABT646A AND SN74ABT646A 



Propagation Delay Time vs Load Capacitance 



AtoB 
1 OUTPUT SWITCHING 



AtoB 
4 OUTPUTS SWITCHING 



6 



(0 

c 

I 

1 

i= 

I 5 



o 

1 

I 4 

2 

Q. 

I 

* 3 



Vcc = 5V 
Ta = 25°C 
Rl = 500Q 
. F = 10MHz 






tPLH 








y 


tPHL 

































50 100 150 200 250 

Cl - Load Capacitance - pF 



300 



S 8 

I 

I 
§ 

§ 6 

i 

S 5 
0. 

i 4 



V C C = 5V 
Ta-25°C 
Ri =500 a 






' «PLH 


F = 10W 


IHz 






tPHL 






— ^ 
















7j 





















50 100 150 200 250 300 

Cl - Load Capacitance - pF 



AtoB 
8 OUTPUTS SWITCHING 



12.0 



to 10.5 
c 

I 

I 

i= 9.0 



7.5 



Q. 

I 



6.0 



4.5 



3.0 



V CC =5V 
T A = 25°C 
Rl = 500 Q 






*PLH 


F = 10M 


Hz 
















tPHL 

































50 100 150 200 250 300 

Cl - Load Capacitance - pF 
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CHARACTERIZATION DATA FOR SN54ABT646A AND SN74ABT646A 



Propagation Delay Time vs Input Edge 



p 

e 
o 

i 

s. 
s 

CL 
I 



PROPAGATION DELAY TIME 
vs 

INPUT EDGE 
A to B 




5 7 9 11 
*EDGE - ,n P ut Ed 9 e ~ ns 



PROPAGATION DELAY TIME 
vs 

INPUT EDGE 
A to B 



10.50 
9.75 

9.0 
8.25 
7.50 
6.75 

6.0 
5.25 



H 4.50 



3.75 
3.0 



V C C = 5V 
T A = 25°C 
V = 0Vto3V 

Rl = 500 a 

C|_ = 50pF 



1 



tPHZ 



tPZH 



5 7 9 11 
*EDGE - '"Put Edg,e - ns 



13 



15 



E 
F 
>. 



o 

"S 

O) 
(B 

a 
S 

Q. 
I 



PROPAGATION DELAY TIME 
vs 

INPUT EDGE 
A to B 



10.0 
9.25 
8.50 
7.75 
7.0 
6.25 

5.50 
4.75 
4.0 

3.25 
2.50 



V C C = 5V 
T A = 25°C 
V = 0 V to 3 1 












/ 










H L = 

C L = 


dUU 12 

50 pF 
























tPZL 










































^PLZ 
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CHARACTERIZATION DATA FOR SN54ABT646A AND SN74ABT646A 



V 0 HV and v OLP 

7 Switching 1 High LH A -> B 7 Switching 1 High LH B -> A 



> 

i 



> 




0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 

t-Time-ns t-Time-ns 

Vqhv = Minimum (valley) voltage induced on a quiescent high-level output during switching of other outputs. 
VqlP = Maximum (peak) voltage induced on a quiescent low-level output during switching of other outputs. 



Texas 
Instruments 

16-46 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



CHARACTERIZATION DATA FOR SN54ABT646A AND SN74ABT646A 



Typical Characteristics 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



> 

1 4 



J 1 



V CC "5 


V 
C 

















































.100 -80 -60 -40 -20 0 
'OH ~ High-Level Output Current - mA 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 




0 20 40 60 80 100 

Iql ~ Low-Level Output Current - mA 
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CHARACTERIZATION DATA FOR SN54ABT646A AND SN74ABT646A 



Supply Current vs Frequency 

OUTPUTS ENABLED 
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E 
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2 
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50 
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0 



V C C = 5V 
. T A = 25°C 
High Bias = 2.5 V 

1 Atu RSae -ORU 
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F - Frequency - MHz 

OUTPUTS DISABLED 



3.5 
3.0 
2.5 
2.0 
1.5 
1.0 
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V C C = 5 V 
T A = 25°C 












nig 
Low 


i Bia 
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s = z 
; = 0. 


o V 
5V 
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SN54ABT16244, SN74ABT16244A 









16-49 



16-50 



SN54ABT16244, SN74ABT16244A 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS073D - D371 1 , SEPTEMBER 1 991 - REVISED AUGUST 1 993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EPIC-WB ™ BiCMOS Design 
Significantly Reduces Power Dissipation 
Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard JESD-17 
Typical Vqlp (Output Ground Bounce) 
< 1 V at V cc = 5 V, T A = 25°C 

Distributed Vcc and GND pin Configuration 
Minimizes High-Speed Switching Noise 

Flow-Through Architecture Optimizes 
PCB Layout 

High-Drive Outputs (-32-mA \ 0H , 
64-mA Iql) 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16244 ... WD PACKAGE 
SN74ABT16244A . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10E[ 1 
1Y1 [ 2 
1Y2[ 3 

GND [4 
1Y3[5 
1Y4[ 6 
V CC [7 
2Y1 [ 8 
2Y2 [ 9 

GND [ 10 
2Y3 [ 11 
2Y4 [ 12 
3Y1 [ 13 
3Y2 [ 14 

GND[ 15 
3Y3 [ 16 
3Y4 [ 17 

V C C C 18 
4Y1 [ 19 
4Y2 [ 20 
GND [ 21 
4Y3 [ 22 
4Y4[ 23 
40E[ 24 



T7 



48 ] 20E 
47 ] 1A1 
46 ] 1A2 
45 ] GND 
44 ] 1A3 
43 ] 1A4 
42 ] V CC 
41 ]2A1 
40 ] 2A2 
39 ] GND 
38 ]2A3 
37 ] 2A4 
36 ] 3A1 
35 ] 3A2 
34 ] GND 
33 ] 3A3 
32 ] 3A4 
31 ]V CC 
30 ] 4A1 
29 ] 4A2 
28 ] GND 
27 ]4A3 
26 ] 4A4 
25 ] 30E 



The SN54ABT16244 and SN74ABT1 6244A are 
16-bit buffers and line drivers designed 
specifically to improve both the performance and 
density of 3-state memory address drivers, clock 
drivers, and bus-oriented receivers and 
transmitters. The devices can be used as four 4-bit 
buffers, two 8-bit buffers, or one 16-bit buffer. 
These devices_ provide true outputs and 
symmetrical OE (active-low output-enable) 
inputs. 

To ensure the high-impedance state during power up or power down, OE should be tied to Vqc through a pullup 
resistor; the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN74ABT16244A is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT16244 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT1 6244A is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each buffer) 


INPUTS 


OUTPUT 


OE A 


Y 


L H 


H 


L L 


L 


H X 


Z 



Widebus and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCTION DATA information is current as of oublication date. — . Copyright © 1 993, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments — _ 
standard warranty. Production processing does not necessarily include TV*-*#- a 

testing of all parameters. IEXAS 
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SN54ABT16244, SN74ABT16244A 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS073D - D3711 , SEPTEMBER 1991 - REVISED AUGUST 1993 



logic symbolt 



10E 
20E 
30E 
40E 

1A1 
1A2 
1A3 
1A4 
2A1 
2A2 
2A3 
2A4 
3A1 
3A2 
3A3 
3A4 
4A1 
4A2 
4A3 
4A4 



1 

IN 


EN1 


2 


48 

HO is 




25 rs 


EN2 
EN3 
EN4 

— 1 r— 
1 1 


24 IS 


47 


1 1 V 


46 


3 




44 




5 




43 




6 




41 




8 


1 2V 


40 


9 




38 


11 




37 




12 




36 




13 


1 3V 


35 


14 




33 




16 




32 




17 




30 




19 


1 4V 


29 


20 




27 




22 




26 




23 











tThis symbol is in accordance with ANSI/IEEE Std 91-1984 
and IEC Publication 61 7-1 2. 



1Y1 
1Y2 
1Y3 
1Y4 
2Y1 
2Y2 
2Y3 
2Y4 
3Y1 
3Y2 
3Y3 
3Y4 
4Y1 
4Y2 
4Y3 
4Y4 



logic diagram (positive logic) 

ioi -!-<£> 



1A1 



1A2 



1A3 



1A4 



20E 



2A1 



2A2 



2A3 



2A4 



30E 



3A1 



3A2 



3A3 



3A4 



40E 



4A1 



4A2 



4A3 



47 



46 



43 



48 



41 



40 



38 



37 



25 



36 



33 



32 



24 



30 



29 



27 



26 









3 








9 








11 








12 







I -i 


13 






u 


14 








16 


>— 





17 









19 








20 






l ( 

!>— 


22 







1Y1 



1Y2 



1Y3 



1Y4 



2Y1 



2Y2 



2Y3 



2Y4 



3Y1 



3Y2 



3Y3 



3Y4 



4Y1 



4Y2 



4Y3 



23 



4Y4 
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SN54ABT16244, SN74ABT16244A 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS073D - D3711 , SEPTEMBER 1991 - REVISED AUGUST 1993 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT16244 96 mA 

SN74ABT16244A 128 mA 

Input clamp current, l|K ( v I < °) -18 mA 

Output clamp current, Iqk ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air): DGG package 0.8 W 

DL package 0.85 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 



recommended operating conditions (see Note 2) 









SN54ABT16244 


SN74ABT16244A 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 




-24 


-32 


mA 


"OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating inputs must be held high or low. 
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SN54ABT16244, SN74ABT16244A 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS073D - D3711 , SEPTEMBER 1991 - REVISED AUGUST 1993 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°Ct 


SN54ABT16244 


SN74ABT16244A 


UNIT 


MIN TYP* MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


VcC = 4 -5V, loH = -3 mA 


2.5 


2.5 


2.5 


V 


V CC = 5V, loH = -3mA 


3 


3 


3 


Vcc = 4.5 V, Iqh = - 24 mA 


2 


2 




Vcc = 4.5 V, loH = -32mA 


2§ 




2 


vol 


Vcc = 4.5 V, l0L = 48mA 


0.55 


0.55 




V 


Vcc = 4-5 V, l 0 L = 64 mA 


0.55§ 




0.55 




Vcc = 5.5 V, V| = Vcc or GND 


±1 


±1 


±\ 


uA 


'OZH 


Vcc = 5.5 V, Vq = 2.7 V 


10H 


10 


1011 


>iA 


'OZL 


Vcc = 5.5 V, Vq = 0.5 V 


-1011 


-10 


-loll 


^A 


'off 


Vcc = °. V| or Vq ^ 4.5 V 


±100 


±100 


±100 


ma 


'L»tA 


V C C = 5-5 V, 
V 0 = 5.5 V 


Outputs high 


50 


50 


50 


jiA 


l 0 # 


V C C = 5.5 V, Vo = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C = 5.5 V, 

io = o, 

V| = Vcc or GND 


Outputs high 


3 


2 


3 


mA 


Outputs low 


32 


32 


32 


Outputs disabled 


3 


2 


3 


Alec" 


V C C = 5.5 V, 
One input at 3.4 V, 
Other inputs at 
Vcc or GND 


Data 
inputs 


Outputs enabled 


0.05 


1.5 


0.05 


mA 


Outputs disabled 


0.05 


1 


0.05 


Control inputs 


0.05 


1.5 


0.05 


Ci 


V| = 2.5 V or 0.5 V 


3 






PF 


Co 


V 0 = 2.5 V or 0.5 V 


8 






pF 



t Characteristics for TA = 25°C apply to the SN74ABT16244A only, 
t All typical values are at Vcc = 5 V. 

§ On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
H This data sheet limit may vary among suppliers. 

# Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
" This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C L = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
TA = 25°Ct 


SN54ABT16244 


SN74ABT16244A 


UNIT 




MIN TYP 


MAX 


MIN 


MAX 


MIN MAX 




tPLH 


A 


Y 


1 2.3 


3.2 


0.7 


3.7 


1 3.5 


ns 


tPHL 


1 2.6 


3.7 


0.5 


4.3 


1 4.1 


tPZH 


OE 


Y 


1 3 


3.8 


0.7 


5 


1 4.8 


ns 


tPZL 


1 3.2 


4 


0.9 


5 


1 4.8 


tPHZ 


OE 


Y 


1 3.6 


4.4 


1 


5 


1 4.8 


ns 


tPLZ 


1 2.9 


3.7 


1 


4.3 


1 4.1 
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SN54ABT16244, SN74ABT16244A 
16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS073D-D3711, SEPTEMBER 1991 - REVISED AUGUST 1993 



PARAMETER MEASUREMENT INFORMATION 



From Output . 



Under Test 
C L = 50pF 
(see Note A) 



500 ft 

-AAA/ — 



500 ft 



o 7V 

O Open 
? GND 



TEST 


S1 


tPLHtPHL 

tpUZ/tpZL 
tPHZ^PZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 




Input 1.5 V 



)6E 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



*su 



th 



3V 
OV 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
(see Note B) 



Output 



Output 



ZX 15V XE* 



3V 
OV 



*PLH f »| 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
Si at Open 
(see Note C) 



*PZL 



\l.5V \S 

\ / VpL+_0.3V 



| tp H Z->l f~ 
tpZH ->) [4- 



3V 
0V 

3.5 V 

vol 



V O H~0.3V V ° H 
— «0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 ft, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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CHARACTERIZATION DATA FOR SN54ABT16244 AND SN74ABT16244A 



Propagation Delay Time vs Temperature 

PROPAGATION DELAY TIME 
LOW-TO-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
AtoY 



<D CO 

E c 
F i 

!! 

o o 

13 



3.000 
2.875 
2.750 
2.625 
2.500 



ll 



•S' 2.375 



2.250 
2.125 
2.000 



CL = 50pF 

1 Output Switching 




























v cc = 


4.5 V „ 












. * * * 

= 5V^ 








































vcc 


= 5.5V 















-55 -25 5 35 65 95 125 
Ta - Operating Free-Air Temperature - °C 



03 Q. 



8 



o 

o "S 

§ a> 
o> -J 

I! 
if 



PROPAGATION DELAY TIME 
HIGH-TO-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
AtoY 



3.00 
2.75 
2.50 



2.25 
2.00 
1.75 
1.50 
1.25 
1.00 



CL = 50pF 

1 Output Switching 






















— m • 




vcc 


= 5V 










vcc 


= 5.5V 





















































-55 -25 5 35 65 95 125 
Ta - Operating Free-Air Temperature - °C 
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CHARACTERIZATION DATA FOR SN54ABT1 6244 AND SN74ABT16244A 



Propagation Delay Time vs Temperature 



PROPAGATION DELAY TIME 
ENABLE-TO-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
OEtoY 



| g 

f 



4.00 
3.75 
3.50 
3.25 
3.00 



2.75 



2.50 



2.25 
2.00 



C L = 50pF 

1 Output Switching 



V C c=4.5V 



Vcc=5V 



V C c=5.5V 



-55 -25 5 35 65 95 125 
Ta - Operating Free-Air Temperature - °C 





5.00 




4.75 


I s 




i= 1 


4.50 






i* 


4.25 


£ © 




S3 


4.00 


8. ^ 




2 £ 


3.75 


°" A 






3.50 








3.25 




3.00 



PROPAGATION DELAY TIME 
DISABLE-FROM-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
OEtoY 



CL = 50pF 

1 Output Switching 








































, v cc = 


4.5 V 






















5V 












5.5 V 



























-55 -25 5 35 65 95 125 
Ta - Operating Free-Air Temperature - °C 



9 IS '. 



PROPAGATION DELAY TIME 
ENABLE-TO-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
OEtoY 



o 



3.375 
3.250 


C L = 5( 
1 Outp 


)pF 

utSwitcl 


ling 
















vcc= 


5.5 V 


3.125 
3.000 
2.875 
2.750 
2.625 


















^vcc= 


5V„-- 


** 

vcc= 


4.5 V 






































2.500 















I s 

p I 

it 

?2 

O © 

«5 © 

O) -I 

ii 
■ I 
a! 



-55 -25 5 35 65 95 
Ta - Operating Free-Air Temperature - °C 



4.00 
3.75 
3.50 
3.25 
3.00 
2.75 
2.50 
2.25 
2.00 



PROPAGATION DELAY TIME 
DISABLE-FROM-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
OEtoY 



C L = 50 pF 

1 Output Switching 
















vcc= 


1.5 V 




































;v 






















v C c= 


>.5V 















125 



-55 -25 5 35 65 95 125 
Ta - Operating Free-Air Temperature - °C 
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CHARACTERIZATION DATA FOR SN54ABT16244 AND SN74ABT16244A 
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CHARACTERIZATION DATA FOR SN54ABT16244 AND SN74ABT16244A 



Propagation Delay Time vs Load Capacitance 



AtoY 
1 OUTPUT SWITCHING 



5.00 

g 4.50 
l 

P 4.00 

§ 3.50 
<5 

O) 

o 3.00 



Q. 

I 

2.50 



2.00 



V CC = 5V 
T A = 25°C 
Ri =500Q 






*PHL, 


F = 10l\l 


1Hz 






" 0 

0 

0 

>' tPLH 






f 0 


f 0 

x 0 

f 0 

0 

0 








S0 








0jr 
0^ 



















50 100 150 200 250 

C[_ - Load Capacitance - pF 



300 



AtoY 
8 OUTPUTS SWITCHING 



6.0 
5.5 

to 
c 

o 5.0 

E 

i= 

f 4.5 
& 

| 4.0 

O) 

a 3.5 

o 



l 3.0 



2.5 
2.0 



V CC = 5V 
- T A = 25°C 








R|_ = 500Q 
F = 10MHz 






tPHL/ 
S 0 








f 0 


X 0 

y *plh 








f 0 
f0 

S0 








0f 








0 
0 A 
0 S 
0 ^ 


0jf 






0 

0^ 


-»— 



















50 100 150 200 250 

C|_ - Load Capacitance - pF 



300 



AtoY 

4 OUTPUTS SWITCHING 




100 150 200 250 
C|_ - Load Capacitance - pF 

AtoY 

16 OUTPUTS SWITCHING 



300 



6.0 
5.5 

c 

L 50 

<D 
0) 

? 4.0 



CO 

% 3.5 



2 
Ql 



3.0 
2.5 
2.0 



V CC = 5V 
T A = 25°C 






*PHL, 


R L = 50 
F = 10ft 


on 

IIHz 






S 0 

*plh 








j0 








0j 
0f 








0 

0 


0 f 
0 s 








0 S 
0 s 

0 








0^ 





















50 100 150 200 250 

C|_ - Load Capacitance - pF 



300 
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CHARACTERIZATION DATA FOR SN54ABT16244 AND SN74ABT16244A 



Propagation Delay Time vs Input Edge 



E 



PROPAGATION DELAY TIME 
vs 

INPUT EDGE 
AtoY 



4.0 



3.5 



3.0 



i 



2.5 



2.0 



V C C = 5V 
T A = 25°C 
V = 0Vto3V 
R|_ = 500 Q 








tPHL 


u L = 


du pr- 
























*PLH 










m * * 







5 7 9 11 13 
tEDGE - Input Edge - ns 



15 



PROPAGATION DELAY TIME 
vs 

INPUT EDGE 
OEtoY 



2 

Q. 

I 



4.0 



3.5 



3.0 



2.5 



2.0 



V C C = 5 V 
T A = 25°C 
V = 0Vto3V 
RL = 500 q 








tPHZ 




ou pr 










tPZH 































5 7 9 11 
*EDGE - ,n P ut Ed 9 e - " s 



13 



15 



PROPAGATION DELAY TIME 
vs 

INPUT EDGE 
OEtoY 



4.0 



V C C = 5 V 
Ta = 25°C 
V = 0 V to 3 V 
RL = 500 Q. 








tPZL 


u L = 


ou pi- 










tPLZ 


* 





























1 3T 5 7 9 11 13 15 



*EDGE " ,n P ut Ed 9 e - ns 
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CHARACTERIZATION DATA FOR SN54ABT1 6244 AND SN74ABT16244A 



Vqhv and V 0 lp 



15 Switching 1 High LH A -» Y 



v C c 

T A = 


= 5 V 
25°C 




















f 





































































































































-2' ' ' ' ' ' ' ' 1 

0 10 20 30 40 50 60 70 80 



t - Time - ns 
15 Switching 1 Low HL A -> Y 



V CC = 5V 
T A = 25°C 




















































































y 



























-2' ' ' ' ' ' ' ' 1 

0 10 20 30 40 50 60 70 80 
t - Time - ns 



Vqhv = Minimum (valley) voltage induced on a quiescent high-level output during switching of other outputs. 
Vqlp = Maximum (peak) voltage induced on a quiescent low-level output during switching of other outputs. 
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CHARACTERIZATION DATA FOR SN54ABT1 6244 AND SN74ABT16244A 



> 

I 

s 

I 

f 
O 

I 
x: 

O) 
X 

I 



4.0 



3,5 



3.0 



2.5 



2.0 



1.5 



1.0 



Typical Characteristics 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



V C C = 5V 
T A = 25°C 



























































-100 -80 -60 -40 -20 

'OH - High-Level Output Current - mA 



> 

i 

§> 



1.0 



0.8 



a 0.6 
O 

1 

3 0.4 

I 

l 

J> 0.2 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



vcc = 

T A = 2 


= 5V 
!5°C 



























































10 25 40 55 70 85 100 
Iql ~ Low-Level Output Current - mA 
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CHARACTERIZATION DATA FOR SN54ABT16244 AND SN74ABT16244A 



a. 
a. 

3 
C/> 



80 
70 
60 
50 
40 
30 
20 
10 



Supply Current vs Frequency 

OUTPUTS ENABLED 



V C C = 5V 
T A = 25°C 












Hig 
Low 


iBia 
rBias 


s = 2. 

i - 0. 


5V 
5V 







































































































































0 10 20 30 40 50 60 70 80 90 100 
F - Frequency - MHz 



OUTPUTS DISABLED 



< 

E 

I 

c 
2 

3 
O 

a 
a 

3 
(/> 
I 

o 
o 



2.0 
1.8 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0 



V C C = 5 V 
T A = 25 0 C 
High Bias = 2.5 V 

1 aui Rioe _ ft C V 
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F - Frequency - MHz 
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SN54ABT16500B, SN74ABT16500B 
18-BIT UNIVERSAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS057D - D3658, DECEMBER 1990 - REVISED APRIL 1993 



Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 

ESD Protection Exceeds 2000 V 
Per MIL-STD-883C, Method 3015 

Latch-Up Performance Exceeds 500 mA 
Per JEDEC Standard J ESD-1 7 

Typical Vqlp (Output Ground Bounce) 
< 0.8 V at V C c = 5 V, T A = 25°C 
Flow-Through Architecture Optimizes 
PCB Layout 

Packaged in Plastic 300-mil Shrink 
Small-Outline and Thin Shrink 
Small-Outline Packages and 380-mil 
Fine-Pitch Ceramic Flat Packages Using 
25-mil Center-to-Center Spacings 



description 



SN54ABT16500B ... WD PACKAGE 
SN74ABT16500B . . . DGG OR DL PACKAGE 
(TOP VIEW) 



These 18-bit universal bus transceivers combine 
D-type latches and D-type flip-flops to allow data 
flow in transparent, latched, and clocked modes. 

Data flow in each directi on is controlled by 
output-enable (OEAB and OEBA), latch-e nable 
(LEAB and LEBA), and clock (CLKAB and 
CLKBA) inputs. For A-to-B data flow, the device 
operates in the transparent mode when LEAB is 
high. W hen LEAB is low, the A data is latched if 
CLKAB is held at a high or low logic level. If LEAB 

is low, the A bus data is stored in the latch/flip-flop on the high-to-low transition of CLKAB. Output-enable OEAB 
is active-high. When OEAB is high, the outputs are active. When OEAB is low, the outputs are in the 
high-impedance state. 
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Data flow for B to A is similar to that of A to B b ut uses OEBA, LEBA, and CLKBA. The output enables are 
complementary (OEAB is active high and OEBA is active low). 

To ensure the high-impedance state during power up or power down, OE should be tied to GND through a 
pulldown resistor; the minimum value of the resistor is determined by the current-sou rcing capability of the 
driver. 

The SN74ABT16500B is available in Tl's shrink small-outline package (DL), which provides twice the I/O pin 
count and functionality of standard small-outline packages in the same printed-circuit-board area. 

The SN54ABT16500B is characterized over the full military temperature range of -55°C to 125°C. The 
SN74ABT1 6500B is characterized for operation from -40°C to 85°C. 



Widebus, EPIC-IIB, and UBT are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION - # Copyright © 1 993, Texas Instruments Incorporated 

DATA information current as of publication date. Products conform to ^Kl3L _ 

specifications per the terms of Texas Instruments standard warranty. A C? 

Production processing does not necessarily Include testing of all \f lClyV/VO 
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FUNCTION TABLEt 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKAB 


A 


B 


L 


X 


X 


X 


Z 


H 


H 


X 


L 


L 


H 


H 


X 


H 


H 


H 


L 


4 


L 


L 


H 


L 


I 


H 


H 


H 


L 


H 


X 


Bo* 


H 


L 


L 


X 


B 0 § 



tA-to- B data flow is sho wn: B-to -A flow is similar but 
uses OEBA, LEBA, and CLKBA. 



$ Output level before the indicated steady-state input 

conditions were established. 
§ Output level before the indicated steady-sta te input 

conditions were established, provided that CLKAB 

was low before LEAB went low. 
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logic symbolt 
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16 




41 




17 


40 




19 


38 




20 


37 




21 


36 
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B1 

B2 

B3 
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B6 

B7 

B8 
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B15 
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t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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logic diagram (positive logic) 



OEAB 



CLKAB - 



55 



LEAB 



LEBA 



28 



CLKBA - 



30 



OEBA 



27 



A1 



->■ 



1D 
C1 
CLK< 



1D 
C1 



CLK 



54 



B1 



V 

To 17 Other Channels 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x ■ ■ ■ -0.5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, \q\ SN54ABT1 6500B 96 mA 

SN74ABT16500B 128 mA 

Input clamp current, I|k (V| <0) -18 mA 

Output clamp current, Iqk ( v 0 < °) -50 mA 

Maximum power dissipation at Ta = 55°C (in still air): DGG package 1 W 

DL package 1 W 

Storage temperature range -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 
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recommended operating conditions (see Note 2) 







SN54ABT16500B 


SN74ABT16500B 


UNIT 






MIN 


MAX 


MIN 


MAX 


V CC 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


v 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


t a 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 2: Unused or floating pins (input or I/O) must be held high or low. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Tyy = 25°C 


^N5dART1 R*?nnR 

OIVStHQ 1 1 D9VVD 


SN74ART1 fi^nflR 


UNIT 


MIN TYPt MAX 

■VII 1^1 lit' IVI#%/V 


MIN MAX 

IVIIIv IVIn#V 


MIN MAX 

1 Villi IVI A\#V 


Viw 
v ll\ 


Vcc = 4.5 V, l| = -18mA 


-1 .2 


-1 .2 


-1 .2 


V 


V 0 H 


V C C = 4.5 V, IOH = -3mA 


2.5 


2.5 


2.5 


V 


V C c = 5 V, IOH = -3mA 


3 


3 


3 


VCC = 4-5 V, Iqh = - 24 mA 


2 


2 




Vcc = 4-5 V, Iqh = - 32 mA 


2* 




2 


vol 


Vcc = 4-5 V, l 0 L = 48 mA 


0.55 


0.55 




V 


V C C = 4.5 V, IOL = 64 mA 


0.55* 




0.55 


"i 


VCC = 5-5V, 
V| = V C c or GND 


Control inputs 


±1 


±1 


±1 




A or B ports 


±20 


±20 


±20 


"OZH § 


Vcc = 5-5 V, Vo = 2.7 V 


10 


10 


10 


uA 


'OZL§ 


V CC = 5-5 V, Vo = 0.5 V 


-10 


-10 


-10 


uA 


, 'off 


Vcc = 0. v | or Vq < 4.5 V 


±100 




+100 


uA 


'CEX 


V C C = 5.5 V, 
Vq = 5.5 V 


Outputs high 


50 


50 


50 


uA 




VCC = 5-5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


Vcc = 5.5 V, 

io = o. 

V| = Vcc or 
GND 


A or B 
ports 


Outputs high 


3 


3 


3 


mA 


Outputs low 


36 


36 


36 


Outputs disabled 


3 


3 


3 


Alcc # 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


50 


50 


50 


uA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 




V 0 = 2.5Vor 0.5 V 


A or B ports 


9 






PF 



t All typical values are at Vcc = 5 V. 

t On products compliant to MIL-STD-883, Class B, this parameter does not apply. 
§ The parameters IqzH anQl 'OZL include the input leakage current. 

H Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 











SN54ABT16500B 


SN74ABT16500B 


UNIT 










MIN MAX 


MIN MAX 


f clock 


Clock frequency 






0 150 


0 150 


MHz 




Pulse duration 


LEAB or LEBA high 


2.5 


2.5 


ns 


CLKAB or CLKBA high or low 


3 


3 






A before CLKABi 


3 


3 






Setup time 


B before CLKBA>1 


3 


3 


ns 


A before LEAB4- or B before LEBAi 


CLK high 




1 






CLMow 


= 2.5 


2.5 




th 


Hold time 


A after CLKAB4- or B after CLKBA4 


0 


0 


ns 


A after LEABi or B after LEBAi 


2 


2 



tThis parameter is specified by design but not tested. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT16500B 


SN74ABT16500B 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f max 






150 


200 




150 


150 


MHz 


tPLH 


AorB 


Bor A 




2.5 


3.6 


1 4.2 


1 4 


ns 


tPHL 




3.2 


4.5 


1 5:1 


1 4.9 


tPLH 


LEAB or LEBA 


B or A 




3.2 


4.5 


1 ,$.6 


1 5 


ns 


tPHL 




3.4 


4.5 


1 5.4 


1 5 


tPLH 


CLKAB or CLKBA 


Bor A 




3.5 


4.7 


1 5.4 


1 5.3 


ns 


tPHL 




3.5 


4.7 


A 5.4 


1 5.3 


tPZH 


OEAB or OEBA 


Bor A 




3.4 


4.6 


. / 1 5.3 


1 5.1 


ns 


tPZL 


1.5 


3.8 


4.7 


; 1.5 


5.6 


1.5 


5.4 


tPHZ . 


OEAB or OEBA 


B or A 


1.5 


4.5 


5.7 


1.5 


6.9 


1.5 


6.5 


ns 


tPLZ 


1.4 


3.4 


4.7 


1.4 


5.8 


1.4 


5.4 



kkuuuu 1 KHtvitw iniormation concerns products in tne lormative or m . 

design phase of development. Characteristic data and other ^Kt%, _ 

specifications are design goals. Texas Instruments reserves the right to TV VAC i 
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From Output 

Under Test 

C|_ = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

7V 



50012 

-wv- 



500 ft 



S1 , 



o 

O Open 
9 GND 



TEST 


Si 


tPLHrtPHL 
tPLZ^PZL 
tPHZ^ZH 


Open 
7V 
Open 



LOAD CIRCUIT FOR OUTPUTS 



t w - 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 



0V 



Timing Input 



Data Input 



4 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3 V 
0V 



3 V 
0V 



Input 
(see Note B) 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



tpzL -*| k- I 



Output 
Waveform 1 
S1 at 7 V 
(see Note C) 

Output 
Waveform 2 
S1 at Open 
(see Note C) 



Vsv ! V 



IPZH ~*\ ft- 

I 



| tpHZ-^l f~ 



r i 

\ ^>"-°- 3V 



3V 
0V 

3.5 V 

vol 

VOH 

« ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 ft, t r < 2.5 ns, tf < 2.5 ns. 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 1 . Load Circuit and Voltage Waveforms 
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CHARACTERIZATION DATA FOR SN54ABT16500B AND SN74ABT16500B 



Propagation Delay Time vs Temperature 



PROPAGATION DELAY TIME 
LOW-TO-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
A to B 
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PROPAGATION DELAY TIME 
HIGH-TO-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
LEAB to B 



C L = 50 pF 

1 Output Switching 
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CHARACTERIZATION DATA FOR SN54ABT16500B AND SN74ABT16500B 



Propagation Delay Time vs Temperature 

PROPAGATION DELAY TIME 
LOW-TO-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
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CHARACTERIZATION DATA FOR SN54ABT16500B AND SN74ABT16500B 



Propagation Delay Time vs Temperature 



PROPAGATION DELAY TIME 
ENABLE-TO-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
OEAB to B 



2? (o 
E c 

It 
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O 0) 
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O) -I 
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Cl = 50 pF 

1 Output Switching 
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Vcc = 


5V 






m m 
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PROPAGATION DELAY TIME 
DISABLE-FROM-HIGH-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
OEAB to B 
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3.00 



C L = 50pF 

1 Output Switching 
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4.5 V 
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PROPAGATION DELAY TIME 
ENABLE-TO-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
OEAB to B 
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C L = 50 pF 

1 Output Switching 
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5.0 



4.5 



£ (0 

E c 



i S. 4 0 



g> -J 

& 4 

0 .5> 

£ x 3.0 

1 o 



2.5 



PROPAGATION DELAY TIME 
DISABLE-FROM-LOW-LEVEL OUTPUT 
vs 

OPERATING FREE-AIR TEMPERATURE 
OEAB to B 



2.0 



C L = 5C 
1 Outpi 


IpF 

jt Switcr 


ling 
















v C c 


= 4.5 V 










"Vcc 


= 5V^, 










vcc 


= 5.5 V 



























-55 -25 5 35 65 95 125 
Ta - Operating Free-Air Temperature - C 



Texas 
Instruments 

16-76 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



CHARACTERIZATION DATA FOR SN54ABT16500B AND SN74ABT16500B 



Propagation Delay Time vs Number of Outputs Switching 



PROPAGATION DELAY TIME 
vs 

NUMBER OF OUTPUTS SWITCHING 
A to B 



4.00 
3.75 
3.50 
3.25 
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PROPAGATION DELAY TIME 
vs 

NUMBER OF OUTPUTS SWITCHING 
OEAB to B 
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Number of Outputs Switching 



PROPAGATION DELAY TIME 
vs 

NUMBER OF OUTPUTS SWITCHING 
OEAB to B 
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CHARACTERIZATION DATA FOR SN54ABT16500B AND SN74ABT16500B 



Propagation Delay Time vs Load Capacitance 



A to B A to B 

1 OUTPUT SWITCHING 9 OUTPUTS SWITCHING 




50 100 150 200 250 300 50 100 150 200 250 300 

C|_ - Load Capacitance - pF C|_ - Load Capacitance - pF 



A to B 

18 OUTPUTS SWITCHING 



9 



J- 4 



r 
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Ri -Rnno 






... - 4> 
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4* 
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4* 
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•* 
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CHARACTERIZATION DATA FOR SN54ABT16500B AND SN74ABT16500B 
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3.50 



S 3 25 

75 
□ 

£ 3.00 
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PROPAGATION DELAY TIME 
vs 

INPUT EDGE 
CLKAB to B 
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CHARACTERIZATION DATA FOR SN54ABT16500B AND SN74ABT16500B 



Propagation Delay Time vs Input Edge 



PROPAGATION DELAY TIME 
vs 

INPUT EDGE 
OEAB to B 
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2.0 



V C C = 5V 
T A = 25°C 
V = 0Vto3V 










R L = 
C L = 


500 ft 
50 pF 










*PZ^ 














tPHZ 













































5 7 9 11 13 
*EDGE ~ ,n P ut Edge - ns 



15 



D) 

a 

2 

Q. 

I 



PROPAGATION DELAY TIME 
vs 

INPUT EDGE 
OEAB to B 



V C C = 5 V 
T A = 25°C 
V = 0Vto3V 








*PZL 


»L = 
C L = 


50 pF 






































tPLZ 

















5 7 9 11 13 
tEDGE - 'npu* Ed 9 e - ns 



15 



Texas 
Instruments 

16-80 POST OFFICE BOX 655303 •DALLAS, TEXAS 75265 



CHARACTERIZATION DATA FOR SN54ABT16500B AND SN74ABT16500B 



> 

I 



> 

I 



Vqhv and Vqlp 

17 Switching 1 High LH B -> A 



vcc 
T A = 


= 5 V 
25°C 
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17 Switching 1 Low HL B -» A 



V C C = 5 V 
T A = 25°C 





















































































































































0 10 20 30 40 50 60 70 80 
t - Time - ns 

VohV = Minimum (valley) voltage induced on a quiescent 
high-level output during switching of other outputs. 

VoLP = Maximum (peak) voltage induced on a quiescent 
low-level output during switching of other outputs. 
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CHARACTERIZATION DATA FOR SN54ABT16500B AND SN74ABT16500B 



Typical Characteristics 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 



O 2.0 
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CHARACTERIZATION DATA FOR SN54ABT16500B AND SN74ABT16500B 



Supply Current vs Frequency 

OUTPUTS ENABLED 
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Transparent Mode 
Clock Mode 



0 10 20 30 40 50 60 70 80 90 100 
F - Frequency - MHz 

NOTE: Characteristics for latch mode are similar to those when in clock mode. 
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CHARACTERIZATION DATA FOR SN54ABT16500B AND SN74ABT1 6500B 



Supply Current vs Frequency 

OUTPUTS DISABLED 
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Clock Mode 



0 10 20 30 40 50 60 70 80 90 100 
F - Frequency - MHz 

NOTE: Characteristics for latch mode are similar to those when in clock mode. 
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General Information 



1 



ABT Octals 


2 


ABTWidebus™ 




ABTE/ETL Widebus™ Ml 


ABT Widebus+™ 


5 


ABT Memory Drivers 


6 


ABT 25-Q Incident-Wave Switching Drivers |Q 


■I m U f MBPI ■■■■ ■ 

Futurebus+/BTL Transceivers 


8 


ABT JTAG/IEEE 1149.1 


9 


LVT JTAG/IEEE 1149.1 


10 


LVT Octals 


11 


LVT Widebus™ 


12 


LVT Memory Drivers 


13 


LVT/GTL Wldebus™ 


14 


Application Notes and Articles 


15 


ABT Characterization Information 


16 


Mechanical Data 


17 
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ORDERING INSTRUCTIONS 



Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical 
outline drawings shown in this section. 

Factory orders for circuits described in this catalog should include a four-part type number as explained in the 
following example. 

EXAMPLE: SN 74ABT16500B DL R 

Prefix ^ / / I 

Blank = (Standard product) / / 

SN = Standard prefix / / 

SNJ = Mil-Std-883, Class B / / 

Unique Circuit Description ' / / 

MUST CONTAIN FIVE TO NINE CHARACTERS / / 

(from individual data sheet) / / 

Package ' J 

MUST CONTAIN ONE TO THREE LETTERS / 



D, DW = plastic small-outline package (SOIC) 

DB = plastic shrink small-outline package (SSOP) 

DGG = plastic Shrink Widebus™ package 

DL = plastic small-outline Widebus™ package 

FK = ceramic chip carrier 

HV = ceramic quad flat package 

J, JT = ceramic dual-in-line package 

N, NT = plastic dual-in-line package (DIP) 

PCA, PM, PN, PZ = plastic thin quad flat package (TQFP) 

PW = plastic thin shrink small-outline package (TSSOP) 

RC = plastic quad flat package 

W = ceramic flat package 

WD = ceramic Widebus™ flat package / 



Tape and Reel Packaging ' 

Valid for surface-mount packages only. All orders for tape and reel must be for whole reels. 
MUST CONTAIN ONE OR TWO LETTERS 

LE = Left embossed tape and reel (required for DB and PW packages) 

R = Standard tape and reel (required for DGG; optional for D, DW, and DL packages) 



Widebus and Shrink Widebus are trademarks of Texas Instruments Incorporated. 
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MECHANICAL DATA 



D/R-PDSO-G** 
16-PIN SHOWN 



PLASTIC NARROW-BODY SMALL-OUTLINE PACKAGE 



T 

0.244(6,20) 
0.228 (5,80) 



0.157(4,00) 
0.150 (3,81) 

i_ 



16 



BUHtibHdd 



"^\PINS** 
DIM 


8 


14 


16 


A MAX 


0.197 
(5,00) 


0.344 
(8,75) 


0.394 
(10,00) 


A MIN 


0.189 
(4,80) 


0.337 
(8,55) 


0.386 
(9,80) 



0.069 (1,75) 
0.053 (1,35) 



0.010(0,25) 
0.004 (0,10) 



0.020 (0,50) 
0.010(0,25) 



X45° 



_ 0.020 (0,508) 
0.014(0,356) 

0.050 (1 ,27) TYP (see Note C) 



0°-8° 



0.009 (0,23) 
0.007 (0,19) 




0.044 (1,12) 
0.016(0,40) 



4040047/A-07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Leads are within 0.005 (0,127) radius of true postion at maximum material condition. 

D. Body dimensions do not include mold flash or protrusion. 

E. Mold protrusion shall not exceed 0.006 (0,15). 

F. Maximum deviation from coplanarity is 0.004 (0,10). 
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MECHANICAL DATA 



DB/R-PDSO-G* 

8-PIN SHOWN 



PLASTIC SMALL-OUTLINE PACKAGE 



8,20 
7,40 



5,60 
5,00 



2,00 MAX I 



0,05 MIN 



8 5 

R-H R R 



O 



^\^PINS** 


8 


14 


16 


20 


24 


28 


30 


38 


A MAX 


3,30 


6,50 


6,50 


7,50 


8,50 


10,50 


10,50 


12,90 


A MIN 


2,70 


5,90 


5,90 


6,90 


7,90 


9,90 


9,90 


12,30 


B MAX 


0,68 


1,30 


0,98 


0,83 


0,68 


1,03 


0,70 


0,60 



0,20 
0,65 TYP 




0°-10 



0,15 TYP 



0,95 
0,55 



4040065/A-07/93 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions include mold flash or protrusion. 
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MECHANICAL DATA 



DGG/R-PDSO-G** 



300-MIL THIN SHRINK SMALL-OUTLINE PACKAGE 



0,30 
0,15 



48 



O 



0,50 TYP 
25 



24 



6,40 
6,00 



8,40 
7,80 



1,10 MAX 



^\PINS** 


48 


56 


A MAX 


12,80 


14,30 


A MIN 


12,40 


13,90 


B MAX 


0,65 


0,40 



MP Jt T 




0,00 



4040078/A-07/93 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions include mold flash or protrusion. 
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MECHANICAL DATA 



DL/R-PDSO-G** 

48-PIN SHOWN 



PLASTIC SHRINK SMALL-OUTLINE PACKAGE 



0.012(0,305) 
0.008(0,203) 



48 



0.025 (0,635) TYP 
(see Note C) 
25 



T 



0.299 (7,59) 
0.291 (7,39) 



0.420 (10,67) 
0.395(10,03) 



o 



^\P|NS** 
DIM 


28 


48 


56 


A MAX 


0.380 
(9,65) 


0.630 
(16,00) 


0.730 
(18,54) 


A MIN 


0.370 
(9,40) 


0.620 
(15,75) 


0.720 
(18,29) 



24 

— H 



0.009 (0,229) 
0.005 (0,127) 



L 



0.110(2,79) 
0.095 (2,41) 




0.016(0,406) 
0.008 (0,203) 



4040048/A-07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Leads are within 0.0035 (0,089) radius of true postion at maximum material condition. 

D. Body dimensions do not include mold flash , protrusion or gate burr. 

E. Mold flash or protrusion or gate burr shall not exceed 0.01 5 (0,381 ). 

F. Lead tips coplanar within 0.004 (0,102). 

G. Lead length measured from lead top to point 0.01 0 (0,254) above seating plane. 
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MECHANICAL DATA 



DW/R-PDSO-G* 

20-PIN SHOWN 



PLASTIC WIDE-BODY SMALL-OUTLINE PACKAGE 



0.419 (10,65 ) 
0.400 (10,15) 



0.297 (7,55) 
0.293 (7,45) 



20 11 



HTBHHTTH 



^-^PINS** 
DIM 


16 


20 


24 


28 


A MIN 


0.400 
(10,16) 


0.500 
(12,70) 


0.602 
(15,29) 


0.696 
(17,68) 


A MAX 


0.408 
(10,36) 


0.508 
(12,90) 


0.610 
(15,49) 


0.704 
(17,88) 



10 



0.104 (2,65) 
0.093 (2,35) 



0.012 (0,30) 



0.004(0,10) 



—I 4° ±4° 

1 L- 



0.364 (9,24) 
0.338 (8,58) 



0.020(0,51) 




0.012 (0,30 ) 
0.004(0,10) 



0.014(0,35) 

0.050(1 ,27) TYP 
(see Note C) 



0.050 (1,27) 



0.016(0,40) 



4040000/A-07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Leads are within 0.10 (0,25) radius of true postion at maximum material condition. 

D. Body dimensions do not include mold flash or protrusion. 

E. Mold flash or protrusion shall not exceed 0.006 (0, 1 5). 

F. Lead tips coplanar within ±0.004 (±0,1 0) exclusive of solder. 



¥ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



17-9 



MECHANICAL DATA 



FK/S-CQCC-N** 
28-TERMINAL SHOWN 



CERAMIC CHIP CARRIER 



18 17 16 15 14 13 12 



BSQ 



ASQ 




26 27 28 1 2 3 4 



JEDEC 
OUTLINE 
DESIGNATION 


NUMBERS 

OF ** 
TERMINALS 


A 


B 


MIN 


MAX 


MIN 


MAX 


MS004CB 


20 


0 342 
(8,69) 


0 358 
(9,09) 


0 307 
(7,80) 


0 358 
(9,09) 


MS004CC 


28 


0.422 
(11,23) 


0.458 
(11,63) 


0.406 
(10,31) 


0.458 
(11,63) 


MS004CD 


44 


0.640 
(16,26) 


0.660 
(16,76) 


0.495 
(12,58) 


0.560 
(14,22) 


MS004CE 


52 


0.730 
(18,78) 


0.761 
(19,32) 


0.485 
(12,58) 


0.560 
(14,22) 


MS004CF 


68 


0.938 
(23,83) 


0.962 
(24,43) 


0.850 
(21,6) 


0.858 
(21,8) 


MS004CG 


84 


1.141 

(28,99) 


1.165 
(29,59) 


1.047 
(26,6) 


1.063 
(27,0) 



H 


1 


1 ^ 





0.055 (1,40) 
0.045 (1,14) 



0.028(0,71) 
0.022 (0,54) 




Index Corner 



0.010(0,25) 



0.045 (1,14) 
0.035 (0,89) 



0.080 (2,03) 
0.064 (1,63) 



0.045 (1,14) 
0.035 (0,89) 



40401 40/A-07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Three-layer ceramic base with a metal lid and braze seal. 

D. FK package terminal assignments conform to JEDEC Standards 1 ,2 and 11 . 

E. The packages are intended for surface mounting on solder lands on 0.050 (1 ,27) centers. 
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MECHANICAL DATA 



HV/S-GQFP-F68 



CERAMIC QUAD FLAT PACKAGE 



1.500 (38,10) 
1.300(33,02) 



SQ- 



0.040(1,02) x 45° 
Pin 1 1ndicator 



0.400 (10,160) SQTYP 
0.500 (12,70) 



4 



14 0.485(12,32) SQ 



T 



0.025 (0,635) TYP 



0.013(0,330) 
0.008 (0,203) 



0.154(3,912) 
0.134 (3,404) 



0.007(0,178) 
0.005(0,127) 



4040072/A-07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 
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MECHANICAL DATA 



J/R-GDIP-T** 
14-PIN SHOWN 



CERAMIC DUAL-IN-LINE PACKAGE 



4_ b ► 

nnnnnnn 






t 

C 

1 


u u 

1 




uuuu 

7 

4 0.070 (1,78) MAX 





1*1 


ID 


1Q 

• o 


on 




A MAX 


0.310 
(7,87) 


0.310 
(7,87) 


0.310 
(7,87) 


0.310 
(7,87) 


0.410 
(10,41) 


A MIN 


0.290 
(7,37) 


0.290 
(7,37) 


0.290 
(7,37) 


0.290 
(7,37) 


0.390 
(9,91) 


B MAX 


0.785 
(19,94) 


0.785 
(19,94) 


0.910 
(23,10) 


0.975 
(24,77) 


1.100 
(28,00) 


B MIN 


0.755 
(19,18) 


0.755 
(19,18) 




0.930 
(23,62) 




C MAX 


0.280 
(7,11) 


0.300 
(7,62) 


0.300 
(7,62) 


0.300 
(7,62) 


0.388 
(9,65) 


C MIN 


0.245 
(6,22) 


0.245 
(6,22) 


0.245 
(6,22) 


0.245 
(6,22) 





0.100(2,54) 
0.070 (1,78) 



I 0.020 (0,51) MIN 




TO 



f 

0.200 (5,08) MAX 

: A_ 



Seating Plane- 



100 (2,54) TYP 



0.130 (3,30) MIN 



0.023 (0,58) 
0.015(0,38) 
(see Note C & D) 




\kr^ 0°-15° 



0.014(0,36) 
0.008 (0,20) 



4040083/A-07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This dimension does not apply for solder dipped leads. 

D. For solder dipped leads, dipping area of the leads extends from the lead tip to at least 0.020 (0.51 ) above seating plane. 
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MECHANICAL DATA 



JT/R-GDIP-T** 
24-PIN SHOWN 



CERAMIC DUAL-IN-LINE PACKAGE 



T 

B 



0.070 (1,78) 
0.030 (0,76) 



12 



0.015(0,38) MIN 



^^^^ PINS** 
DIM^^\^ 


24 


28 


A MAX 


1.280 
(32,51) 


1.460 
(37,08) 


A MIN 


1.240 
(31,50) 


1.440 
(36,58) 


B MAX 


0.300 
(7,62) 


0.291 
(7,39) 


B MIN 


0.245 
(6,22) 


0.285 
(7,24) 




0.320 (8,13) 
0.290 (7,37) 



0.200 (5,08) MAX 

I 



- 0.1 00 (2,54) TYP 
0.100 (2,54) MAX 



"Y" 0.130 (3,30) MIN 

f 



Seating Plane 



0.023 (0,58) 
0.01 5 (0,38) 



0.014(0,36) J 

0.008(0,20) nr 



0°-15° 



V 



404011 O/A-07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package is glass seal. 
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MECHANICAL DATA 



N/R-PDIP-T** 

16-PIN SHOWN 



PLASTIC DUAL-IN-LINE PACKAGE 



fi n n n n n n n 



U U U 



f 

0.260(6,60) 
0.240 (6,10) 



u u u u 

8 

— 0.070 (1,778) MAX 



^\PINS** 
DIM 


14 


16 


20 


A MAX 


0.775 
(19,69) 


0.775 
(19,69) 


0.975 
(24,77) 


A MIN 


0.745 
(18,92) 


0.745 
(18,92) 


0.940 
(23,88) 



0.035 (0,89) MAX 



0.020 (0,51) MIN 



0.200 (5,08) MAX 

i 



0.310(7,87) 
0.290 (7,37) 



Seating plane - 



0.125(3,18) MIN 



-4 U 



100 (2,54) TYP 
(see Note C) 



0.014(0,356 ) 
0.010(0,254) 
(see Note C & E) 




V 



0°-15° 



0.014(0,356 ) 
0.010(0,254) 
(see Note C) 



4040049/A-07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Each pin centerline is located within 0.01 0 (0,254) of its true longitudinal position. 

D. This dimension does not apply for solder dipped leads. 

E. For solder dipped leads, dipping area of the leads extends from the lead tip to at least 0.020 (0,51 ) above seating plane. 
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MECHANICAL DATA 



NT/R-PDIP-T24 



PLASTIC DUAL-IN-LINE PACKAGE 



31,80 MAX 



nnnnnnnnnnnn 



O 



O 



uuuuuuuuuuuu 



7,11 MAX 



1,02 TYP 



1,93 MAX 



—J |«— 2,i 



54 TYP 



0,56 
0,36 



Seating Plane 



3. 



0,51 MIN 



f 

5,08 MAX 

_1_ 



3,18 MIN 



0,36 
0,20 



7,62 
TYP 



0°-15°- 



V 



4040029/A-07/93 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Drawing source: SCJ Package handbook, 1 990 
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MECHANICAL DATA 



N/R-PDIP-T28 



PLASTIC DUAL-IN-LINE PACKAGE 



36,60 MAX 



28 15 



O 



O 



u u u 

1 



uuuuuuuuuu 



14,22 MAX 



1,72 
1,32 



14 



TYP 



1,79 MAX 



Seating Plane 
r— 0,51 MIN 




2,54 TYP 




5,08 MAX 



3,18 MIN 



0,56 
0,36 



15,24 TYP - 



0,36 
0,20 



0°-15° 



TYP 



V 



4040030/A-07/93 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Drawing source: SCJ Package handbook, 1 990 
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MECHANICAL DATA 



PZ/S-PQFP-G100 



PLASTIC QUAD FLAT PACKAGE 



0,27 




40401 49/A-07/93 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Maximum deviation from caplanarity is 0,08 mm. 
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MECHANICAL DATA 



PM/S-PQFP-G64 



PLASTIC QUAD FLAT PACKAGE 



0,50 TYP 



11,80 



1,70 MAX 



0,26 
0,14 




0,177 
0,147 




0,00 MIN 
Seating Plane 




0°-10° 



40401 52/A-07/93 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Maximum deviation from coplanarity is 0,08 mm. 

D. Body dimensions do not include mold flash or protrusion. 
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MECHANICAL DATA 



PN/S-PQFP-G80 



PLASTIC QUAD FLAT PACKAGE 



0,27 
0,17 

60 



61 



0,50 TYP 



41 




Pin#1 
Indicator 



40 



20 



12,10 



21 



1,27 TYP 




0°-10° MAX 



40401 35/A-07/93 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Maximum deviation from coplanarity is 0,08 mm. 
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MECHANICAL DATA 



PW/R-PDSO-G** 
8-PIN SHOWN 



PLASTIC SMALL-OUTLINE PACKAGE 



6,70 
6,10 



8 5 

H H H H 



4,70 
4,30 



o 



1,10 MAX 



T f 



0,10 
0,00 



"\PINS** 


8 


14 


16 


20 


24 


28 


A MAX 


3,30 


5,30 


5,30 


6,80 


8,10 


10,00 


A MIN 


2,90 


4,90 


4,90 


6,40 


7,70 


9,60 


B MAX 


0,65 


0,70 


0,38 


0,48 


0,48 


0,78 



0,32 
0,17 



0,65 TYP 




0°-10< 



0,20 
0,10 



0,60 
0,40 



4040064/A-07/93 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Drawing source: SCJ Package handbook, 1 990 
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MECHANICAL DATA 



RC/S-PQFP-G52 



PLASTIC QUAD FLAT PACKAGE 



0,30 TYP 



40 I 



52 C 



Index Corner 
Chamfer or Dot 



1 



26 



14 



0,18 TYP -. 




2,45 MAX 



4040151/A-O7/93 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 
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MECHANICAL DATA 



W/R-GDFP-F14 



CERAMIC FLAT PACKAGE 



0.260 (6,60) 
* ~ 0.235 (5,97) 



Base and Seating Plane 



0.080 (2,03) 
0.050(1,27) 



0.315(8,00) 



0.270 (6,86) 



0.350 (8,89) 
0.335 (8,51) 



4 0.275(6,99) 

— ^ 



14 



0.007 (0,1 
0.004(0,10) 

0.040 (1,02) 
0.026(0,66) 



0.315(8,00) 



0.270 (6,86) 



0.019(0,48) 
jT 0.015(0,38) 



0,050 (1.27) 
TYP 



0.025(0,64) 
0.010(0,25) 



0.860 (21,84) 
0.840(21,34) 



40401 80-2/A-07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Leads are within 0.005 (0,13) radius of true position (TP.) at maximum material condition. 

D. Falls within J EDECMO-004AA dimensions. 
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MECHANICAL DATA 



W/R-GDFP-F16 



CERAMIC FLAT PACKAGE 



0.080 (2,03) 
0.050 (1,27) 



^ 0.350(8,89) ^ 



0.310(7,87) 



0.400 (10,16) 
0.371 (9,42) 



0.285 (7,24) 
0.247(6,27) 



Base and Seating Plane 



t~t 



0.300 (7,62) 



4 0.350 (8,89) ^ 



16 



0.006 (0,15) 
0.003 (0,08) 



T 



0.040 (1,02) 
0.020 (0,51) 



0.310(7,87) 



0.019(0,48) 
0.015(0,38) 



0.050 (1,27) 
TYP 



0.025 (0,64) 
0.010(0,25) 



0.960(24,38) 
0.940(23,88) 



40401 80-3/A -07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Leads are within 0.005 (0,1 3) radius of true position (T.P.) at maximum material condition. 

D. Falls within JEDEC MO-004AA dimensions. 

E. Index point is provided on cap for terminal identification only. 
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MECHANICAL DATA 



W/R-GDFP-F20 



CERAMIC FLAT PACKAGE 



0.092 (2,34) 
0.045 (1,14) 



^ 0.370(9,40) ^| 



0.250 (6,35) 



0.510(12,95) 
MAX 



0.280(7,11) 
0.260 (6,60) 




and Seating Plane 



TT 



0.290 (7,37) 



20 



10 



0.006 (0,15)~ T 
0.003 (0,08) 

0.040(1,02) 
0.010(0,25) 



0.370 (9,40) 



0.250 (6,35) 



0.019(0,48) 
_£ 0.015(0,38) 



p 0.050(1,27) 
TYP 



J 



0.045 (1,14) 
0.005 (0,13) 



1.020(25,91) 
0.745 (18,92) 



40401 80-4/A-07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Leads are within 0.005 (0,13) radius of true position (TP.) at maximum material condition. 

D. Index point is provided on cap for terminal identification only. 



^ Texas 
Instruments 

17-24 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



MECHANICAL DATA 



W/R-GDFP-F24 



CERAMIC FLAT PACKAGE 



Base and Seating Plane 



0.085(2,16) 
0.055 (1,40) 



0.400 (10,16 ) ^ 



0.275 (6,99) 



4 0.400(10,16) ► 

TYP 

24 



0.635 (16,13) 
MAX 



0.395(10,03) 
0.335(8,51) 



0.050 (1,27) 
0.028 



TUT" 



12 



(0,71) ~^ 



0.006 



(0,15)~ T ^ 



0.003 (0,08) 



0.400 (10,16) 



0.275 (6,99) 



0.019(0,48) 
JT 0.015(0,38) 



0.050 (1,27) 
TYP 



0.050 (1,27) 
0.010(0,25) 



30° TYP 

1.200(30,48) 
0.950(24,13) 



13 



40401 80-5/A-07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Leads are within 0.005 (0,1 3) radius of true position (TP.) at maximum material condition. 

D. Falls within JEDEC MO-01 9AA dimensions. 

E. Index point is provided on cap for terminal identification only. 

F. End configuration of 24-pin package is at the option of Tl. 

G. Not applicable for solder-dipped leads. When solder-dipped leads are specified, dipped area extends from lead tip to within 0.050 
(1 ,27) of the package body. 
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MECHANICAL DATA 



WD/R-GDFP-F** 
48-PIN SHOWN 



CERAMIC FLAT PACKAGE 



|— 0.086 (2,18) MAX 

0.005 (0,13) TYP 



DIM 


48 


56 


A 


MAX 


0.626 
(15,90) 


0,727 
(18,47) 


MIN 


0.614 
(15,60) 


0.713 
(18,11) 



1.200 (30,50) TYP 
0.384(9,75) 



0.376 (9,65) 




, 0.025 (0,64) TYP 

It 



; 0.010 (0,25) TYP 

!t 



40401 76/A-07/93 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 
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NOTES 



NOTES 
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TI North 
American Sales 
Offices 



ALABAMA: Huntsville: (205) 837-7530 

ARIZONA: Phoenix: (602) 995-1007 

CALIFORNIA: Irvine: (714) 660-1200 

San Diego: (619) 278-9600 

Santa Clara: (408) 980-9000 

Woodland Hills: (818) 704-8100 

COLORADO: Aurora: (303) 368-8000 

CONNECTICUT: Walllngford: (203) 269-0074 

FLORIDA: Altamonte Springs: (407) 260-2116 

Fort Lauderdale: (305) 973-8502 

Tampa: (813) 885-7588 

GEORGIA: Norcross: (404) 662-7967 

ILLINOIS: Arlington Heights: (708) 640-3000 

INDIANA: Carmel: (317) 573-6400 

Fort Wayne: (219) 489-4697 

KANSAS: Overland Park: (913) 451-4511 

MARYLAND: Columbia: (410) 964-2003 

MASSACHUSETTS: Waltham: (617) 895-9100 

MICHIGAN: Farmington Hills: (313) 553-1581 

MINNESOTA: Eden Prairie: (612) 828-9300 

MISSOURI: St. Louis: (314) 821-8400 

NEW JERSEY: Iselln: (908) 750-1050 

NEW MEXICO: Albuquerque: (505) 345-2555 

NEW YORK: East Syracuse: (315) 463-9291 

Fishklll: (914) 897-2900 

Melville: (516) 454-6600 

Pittsford: (716)385-6770 

NORTH CAROLINA: Charlotte: (704) 527-0930 

Raleigh: (919)876-2725 

OHIO: Beachwood: (216) 765-7258 

Beavercreek: (513) 427-6200 

OREGON: Beaverton: (503) 643-6758 

PENNSYLVANIA: Blue Bell: (215) 825-9500 

PUERTO RICO: Hato Rey: (809) 753-8700 

TEXAS: Austin: (512) 250-6769 

Dallas: (21 4) 917-1264 

Houston: (713) 778-6592 

Midland: (915) 561-7137 

UTAH: Salt Lake City: (801) 466-8972 

WISCONSIN: Waukesha: (414) 798-1001 

CANADA: Nepean: (613) 726-1970 

Richmond Hill: (416) 884-9181 

St. Laurent: (514) 335-8392 



TI Regional 
Technology 
Centers 

CALIFORNIA: Irvine: (714) 660-8140 
Santa Clara: (408) 748-2222 
GEORGIA: Norcross: (404) 662-7945 
ILLINOIS: Arlington Heights: (708) 640-2909 
INDIANA: Indianapolis: (317) 573-6400 
MASSACHUSETTS: Waltham: (617) 895-9196 
MEXICO: Mexico City: 491-70834 
MINNESOTA: Minneapolis: (612) 828-9300 
TEXAS: Dallas: (214) 917-3881 
CANADA: Nepean: (613) 726-1970 



Customer 
Response Center 

TOLL FREE: (800) 336-5236 
OUTSIDE USA: (214) 995-661 1 

(8:00 a.m. - 5:00 p.m. CST) 



TI Authorized 
North American 
Distributors 

Alliance Electronics, Inc. (military product only) 

Almac/Arrow 

Anthem Electronics 

Arrow/Schweber 

Future Electronics (Canada) 

GRS Electronics Co., Inc.* 

Hall-Mark Electronics 

Marshall Industries 

Newark Electronics* 

Rochester Electronics, Inc. (obsolete product only) 
Wyle Laboratories 
Zeus Components 

*Not authorized for TI military products 

TI Distributors 

ALABAMA: Arrow/Schweber (205) 837-6955; Hail-Mark 

(205) 837-8700; Marshall (205) 881-9235. 

ARIZONA: Anthem (602) 966-6600; Arrow/Schweber (602) 

437-0750; Hall-Mark (602) 431-0030; Marshall (602) 

496-0290; Wyle (602) 437-2088. 

CALIFORNIA: Los Angeles/Orange County: Anthem 

(818) 775-1333, (714) 768-4444; Arrow/Schweber (818) 

380-9686, (714) 587-0404; Hall-Mark (818) 773-4500, (714) 

727-6000; Marshall (818) 878-7000, (714) 458-5301 ; Wyle 

(818) 880-9000, (714) 863-9953; Zeus (714) 921-9000, 

(818) 889-3838; 

Sacramento: Anthem (916) 624-9744; Hall-Mark (916) 
624-9781; Marshall (916) 635-9700; Wyle (916) 638-5282; 
San Diego: Anthem (619) 453-9005; Arrow/Schweber 
(619) 565-4800; Hall-Mark (619) 268-1201; Marshall (619) 
627-4140; Wyle (619) 565-9171; Zeus (619) 277-9681; 
San Francisco Bay Area: Anthem (408) 453-1200; 
Arrow/Schweber (408) 441-9700, (510) 490-9477; 
Hall-Mark (408) 432-4000; Marshall (408) 942-4600; 
Wyle (408) 727-2500; Zeus (408) 629-4789. 
COLORADO: Anthem (303) 790-4500; Arrow/Schweber 
(303) 799-0258; Hall-Mark (303) 790-1662; Marshall (303) 
451-8383; Wyle (303) 457-9953. 

CONNECTICUT: Anthem (203) 575-1575; Arrow/Schweber 
(203) 265-7741; Hall-Mark (203) 271-2844; Marshall (203) 
265-3822. 

FLORIDA: Fort Lauderdale: Arrow/Schweber (305) 
429-8200; Halll-Mark (305) 971-9280; Marshall (305) 
977-4880; 

Orlando: Arrow/Schweber (407) 333-9300; Hall-Mark (407) 
830-5855; Marshall (407) 767-8585; Zeus (407) 788-9100; 
Tampa: Hall-Mark (813) 541-7440; Marshall (813) 
573-1399. 

GEORGIA: Arrow/Schweber (404) 497-1300; Hall-Mark 

(404) 623-4400; Marshall (404) 923-5750. 

ILLINOIS: Anthem (708) 884-0200; Arrow/Schweber (708) 

250-0500; Hall-Mark (708) 860-3800; Marshall (708) 

490-0155; Newark (312)784-5100. 

INDIANA: Arrow/Schweber (317) 299-2071; Hall-Mark 

(317) 872-8875; Marshall (317) 297-0483. 

IOWA: Arrow/Schweber (31 9) 395-7230. 

KANSAS: Arrow/Schweber (913) 541-9542; Hall-Mark 

(913) 888-4747; Marshall (913) 492-3121. 

MARYLAND: Anthem (301) 995-6640; Arrow/Schweber 

(301) 596-7800; Hall-Mark (301) 988-9800; Marshall (301) 

622-1118; Zeus (301) 997-1118. 

MASSACHUSETTS: Anthem (508) 657-5170; 

Arrow/Schweber (508) 658-0900; Hall-Mark (508) 

667-0902; Marshall (508) 658-0810; Wyle (617) 272-7300; 

Zeus (617) 246-8200. 
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MICHIGAN: Detroit: Arrow/Schweber (313) 416-5800; 
Hall-Mark (313) 416-5800; Marshall (313) 525-5850; 
Newark (313)967-0600. 

MINNESOTA: Anthem (612) 944-5454; Arrow/Schweber 
(612) 941-5280; Hall-Mark (612) 881-2600; Marshall (612) 
559-2211. 

MISSOURI: Arrow/Schweber (314) 567-6888; Hall-Mark 

(314) 291-5350; Marshall (314) 291-4650. 

NEW JERSEY: Anthem (201 ) 227-7960; Arrow/Schweber 

(201) 227-7880, (609) 596-8000; Hall-Mark (201) 515-3000, 

(609) 235-1900; Marshall (201) 882-0320, (609) 234-9100. 

NEW MEXICO: Alliance (505) 292-3360. 

NEW YORK: Long Island: Anthem (516) 864-6600; 

Arrow/Schweber (516) 231-1000; Hall-Mark (516) 

737-0600; Marshall (516) 273-2424; Zeus (914) 937-7400; 

Rochester: Arrow/Schweber (71 6) 427-0300; Hall-Mark 

(716) 425-3300; Marshall (716) 235-7620; 

Syracuse: Marshall (607) 785-2345. 

NORTH CAROLINA: Arrow/Schweber (919) 876-3132; 

Hall-Mark (919) 872-0712; Marshall (919) 878-9882. 

OHIO: Cleveland: Arrow/Schweber (216) 248-3990; 

Hall-Mark (216) 349-4632; Marshall (216) 248-1788; 

Columbus: Hall-Mark (614) 888-3313; 

Dayton: Arrow/Schweber (513) 435-5563; Marshall (513) 

898-4480; Zeus (513) 293-6162. 

OKLAHOMA: Arrow/Schweber (918) 252-7537; Hall-Mark 
(918) 254-6110. 

OREGON: Almac/Arrow (503) 629-8090; Anthem (503) 
643-1114; Marshall (503) 644-5050; Wyle (503) 643-7900. 
PENNSYLVANIA: Anthem (215) 443-5150; 
Arrow/Schweber (215) 928-1800; GRS (215) 922-7037; 
(609) 964-8560; Marshall (412) 788-0441 . 
TEXAS: Austin: Arrow/Schweber (512) 835-4180; 
Hall-Mark (512) 258-8848; Marshall (512) 837-1991; Wyle 
(512) 345-8853; 

Dallas: Anthem (214) 238-7100; Arrow/Schweber (214) 
380-6464; Hall-Mark (214) 553-4300; Marshall (214) 
233-5200; Wyle (214) 235-9953; Zeus (214) 783-7010; 
Houston: Arrow/Schweber (713) 530-4700; Hall-Mark 
(713) 781-6100; Marshall (713) 467-1666; Wyle (713) 
879-9953. 

UTAH: Anthem (801) 973-8555; Arrow/Schweber (801) 

973-6913; Hall-Mark (801) 269-0416; Marshall (801) 

973-2288; Wyle (801) 974-9953. 

WASHINGTON: Almac/Arrow (206) 643-9992; Anthem 

(206) 483-1700; Marshall (206) 486-5747; Wyle (206) 

881-1150. 

WISCONSIN: Arrow/Schweber (414) 792-0150; Hall-Mark 

(414) 797-7844; Marshall (414) 797-8400. 

CANADA: Calgary: Future (403) 235-5325; 

Edmonton: Future (403) 438-2858; 

Montreal: Arrow/Schweber (514) 421-7411; Future (514) 

694-7710; Marshall (514) 694-8142; 

Ottawa: Arrow/Schweber (613) 226-6903; Future (613) 

820-8313; 

Quebec: Future (418) 897-6666; 
Toronto: Arrow/Schweber (416) 670-7769; 
Future (416) 612-9200; Marshall (416) 458-8046; 
Vancouver: Arrow/Schweber (604) 421-2333; 
Future (604) 294-1166. 



TI Die Processors 

Chip Supply (407) 298-71 00 

Elmo Semiconductor (818) 768-7400 
Minco Technology Labs (512) 834-2022 
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TI Worldwide 
Sales Offices 



ALABAMA: Huntsville: 4960 Corporate Drive, 
Suite 150, Huntsville, AL 35805, (205) 837-7530. 

ARIZONA: Phoenix: 8825 N 23rd Avenue, 
Suite 100, Phoenix, AZ 85021, (602) 995-1007. 
CALIFORNIA: Irvine: 1920 Main Street, Suite 
900, Irvine, CA 92714, (714) 660-1200; 
San Diego: 5625 Ruffin Road, Suite 100, 
San Diego, CA 92123, (619) 278-9600; 
Santa Clara: 5353 Betsy Ross Drive, 
Santa Clara, CA 95054, (408) 980-9000; 
Woodland Hills: 21550 Oxnard Street, Suite 700, 
Woodland Hills, CA 91367, (818) 704-8100. 
COLORADO: Aurora: 1400 S. Potomac Street, 
Suite 101 , Aurora, CO 80012, (303) 368-8000. 
CONNECTICUT: Wallingfford: 9 Barnes Industrial 
Park So., Wallingford, CT 06492, (203) 269-0074. 
FLORIDA: Altamonte Springs: 370 S. North Lake 
Boulevard, Suite 1008, Altamonte Springs, 
FL 32701, (407) 260-2116; 
Fort Lauderdale: 2950 N.W. 62nd Street, 
Suite 100, Fort Lauderdale, FL 33309, 
(305) 973-8502; 

Tampa: 4803 George Road, Suite 390, 
Tampa, FL 33634-6234, (813) 885-7588. 
GEORGIA: Norcross: 5515 Spalding Drive, 
Norcross, GA 30092-2560, (404) 662-7967. 
ILLINOIS: Arlington Heights: 515 West 
Algonquin, Arlington Heights, IL 60005, 
(708) 640-2925. 

INDIANA: Carmel: 550 Congressional Drive, 
Suite 100, Carmel, IN 46032, (317) 573-6400; 
Fort Wayne: 103 Airport North Office Park., 
Fort Wayne, IN 46825, (219) 489-4697. 
KANSAS: Overland Park: 7300 College 
Boulevard, Lighton Plaza, Suite 150, Overland 
Park, KS 6621 0, (91 3) 451 -451 1 . 
MARYLAND: Columbia: 8815 Centre Park Drive, 
Suite 100, Columbia, MD 21045, (410) 964-2003. 
MASSACHUSETTS: Waltham: Bay Colony 
Corporate Center, 950 Winter Street, Suite 2800, 
Waltham, MA 021 54, (61 7) 895-91 00. 
MICHIGAN: Farmington Hills: 33737 W. 12 Mile 
Road, Farmington Hills, Ml 48018, (313) 553-1581; 
MINNESOTA: Eden Prairie: 11000 W. 78th Street, 
Suite 1 00, Eden Prairie, MN 55344, (61 2) 
828-9300. 

MISSOURI: St. Louis: 12412 Powerscourt Drive, 
Suite 125, St. Louis, MO 63131, (314) 821-8400. 
NEW JERSEY: Iselin: Metropolitan Corporate 
Plaza, 485 Bldg. E. U.S. 1 South, Iselin, NJ 08830, 
(908)750-1050. 

NEW MEXICO: Albuquerque: 2709 J. Pan 
American Freeway NE, Albuquerque, NM 87101 , 
(505) 345-2555. 

NEW YORK: East Syracuse: 6365 Collamer 
Drive, East Syracuse, NY 13057, (315) 463-9291; 
Fishkill: 300 Westage Business Center, Suite 140, 
Fishkill, NY 12524, (914) 897-2900; 
Melville: 48 South Service Road, Suite 100, 
Melville, NY 11747, (516) 454-6601; 
Pittsford: 2851 Clover Street, Pittsford, NY 14534, 
(716) 385-6770. 

NORTH CAROLINA: Charlotte: 8 Woodlawn 
Green/Suite 100, Charlotte, NC 28217, (704) 
527-0930; 

Raleigh: 2809 Highwoods Boulevard, Suite 100, 

Raleigh, NC 27625, (919) 876-2725. 

OHIO: Beachwood: 23775 Commerce Park Road, 

Beachwood, OH 44122-5875, (216) 765-7528; 

Beavercreek: 4200 Colonel Glenn Highway, 

Suite 600, Beavercreek, OH 45431 , 

(513)427-6200. 



OREGON: Beaverton: 6700 S.W. 105th Street, 
Suite 110, Beaverton, OR 97005, (503) 643-6758. 
PENNSYLVANIA: Blue Bell: 670 Sentry Parkway, 
Suite 200, Blue Bell, PA 19422, (215) 825-9500. 
PUERTO RICO: Hato Rey: 615 Mercantil Plaza 
Building, Suite 505, Hato Rey, PR 00919, 
(809) 753-8700. 

TEXAS: Austin: 12501 Research Boulevard, 

Austin, TX 78759, (512) 250-6769; 

Dallas: 7839 Churchill Way, Dallas, TX 75251 , 

(214)917-1264; 

Houston: 9301 Southwest Freeway, Commerce 
Park, Suite 360, Houston, TX 77074, 
(713) 778-6592; 

Midland: FM 1788 & I-20, Midland, TX 

7971 1 -0448, (91 5) 561 -71 37. 

UTAH: Salt Lake City: 2180 South 1300 East, 

Suite 335, Salt Lake City, UT 541 06, 

(801)466-8972. 

WISCONSIN: Waukesha: 20825 Swenson Drive, 
Suite 900, Waukesha Wl 531 86, (41 4) 798-1 001 . 
CANADA: Nepean: 301 Moodie Drive, Suite 102, 
Mallorn Centre, Nepean, Ontario, Canada K2H 
9C4, (613) 726-1 970; 

Richmond Hill: 280 Centre Street East, Richmond 
Hill, Ontario, Canada L4C 1 B1 , (416) 884-9181 ; 
St. Laurent: 9460 Trans Canada Highway, 
St. Laurent, Quebec, Canada H4S 1R7, (514) 
335-8392. 



AUSTRALIA (& NEW ZEALAND): Texas 
Instruments Australia Ltd., 6-10 Talavera Road, 
North Ryde (Sydney), New South Wales, 
Australia 2113, 2-878-9000; 14th Floor, 380 Street, 
Kilda Road, Melbourne, Victoria, Australia 3000, 
3-696-1211. 

BELGIUM: Texas Instruments Belgium S.A./N.V, 
Avenue Jules Bordetlaan 11, 1140 Brussels, 
Belgium, (02) 242 30 80. 
BRAZIL: Texas Instrumentos Electronicos do 
Brasil Ltda., Av. Eng. Luiz Carlos Berrini, 1461-11o. 
andar, 04571, Sao Paulo, SP, Brazil, 11-535-5133. 
DENMARK: Texas Instruments A/S, Borupvang 
2D, DK-2750 Ballerup, Denmark, (44) 68 74 00. 
FINLAND: Texas Instruments OY, Ahertajantie 3, 
P.O. Box 86, 02321 Espoo, Finland, (0) 802 6517. 
FRANCE: Texas Instruments France, 8-10 
Avenue Morane-Saulnier, B.P. 67, 78141 Velizy- 
Villacoublay Cedex, France, (1) 30 70 1003. 
GERMANY: Texas Instruments Deutschland 
GmbH., Haggertystrape 1 , 8050 Freising, (08161) 
80-0; Kurfurstendamm 195-196, 1000 Berlin 15, 
(030) 8 82 73 65; Dusseldorfer Strape 40, 6236 
Eschborn 1, (06196) 80 70; Hollestrape 3, 4300 
Essen 1 , (0201) 23 66 40; Kirchhorster Strape 2, 
3000 Hannover 51 , (0511) 64 68-0; 
Maybachstrape II, 7302 Ostfildern 2 (Nellingen), 
(0711)3003 257. 

HOLLAND: Texas Instruments Holland B.V., 
Hogehilweg 1 9, Postbus 1 2995, 1 1 00 AZ 
Amsterdam-Zuidoost, Holland, (020) 560291 1 . 
HONG KONG: Texas Instruments Hong Kong Ltd., 
8th Floor, World Shipping Centre, 7 Canton Road, 
Kowloon, Hong Kong, 737-0338. 
HUNGARY: Texas Instruments Representation, 
Budaorsi u.42, H-1112 Budapest, Hungary, 
(1)1 66 6617. 

IRELAND: Texas Instruments Ireland Ltd., 
7/8 Harcourt Street, Dublin 2, Ireland, 
(01)755233. 

ITALY: Texas Instruments Italia S.p.A., Centro 
Direzionale Colleoni, Palazzo Perseo-Via 
Paracelso 12, 20041 Agrate Brianza (Mi), Italy, 
(039) 63221; Via Castello della Magliana, 38, 
00148 Roma, Italy (6) 657 2651 . 
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JAPAN: Texas Instruments Japan Ltd., Aoyama 
Fuji Building 3-6-12 Kita-Aoyama Minato-ku, Tokyo, 
Japan 1 07, 03-498-21 1 1 ; MS Shibaura 
Building 9F, 4-13-23 Shibaura, Minato-ku, Tokyo, 
Japan 108, 03-769-8700; Nissho-lwai Building 5F, 
2-5-8 Imabashi, Chuou-ku, Osaka, Japan 541 , 
06-204-1881; Dai-ni Toyota Building Nishi-kan 7F, 
4-10-27 Meieki, Nakamura-ku, Nagoya, Japan 450, 
052-583-8691 ; Kanazawa Oyama-cho Daiichi 
Seimei Building 6F, 3-1 0 Oyama-cho, 
Kanazawa-shi, Ishikawa, Japan 920, 
0762-23-5471 ; Matsumoto Showa Building 6F, 
1-2-11 Fukashi, Matsumoto-shi, Nagano, Japan 
390, 0263-33-1060; Daiichi Olympic Tachikawa 
Building 6F, 1-25-12, Akebono-cho, Tachikawa-shi, 
Tokyo, Japan 190, 0425-27-6760; Yokohama 
Business Park East Tower 10F, 134 Goudo-cho, 
Hodogaya-ku, Yokohama-shi, Kanagawa, Japan 
240, 045-338-1220; Nihon Seimei Kyoto Yasaka 
Building 5F, 843-2, Higashi Shiokohji-cho, 
Higashi-iru, Nishinotoh-in, Shiokohji-dori, 
Shimogyo-ku, Kyoto, Japan 600, 075-341-7713; 
Sumitomo Seimei Kumagaya Building 8F, 2-44 
Yayoi, Kumagaya-shi, Saitama, Japan 360, 
0485-22-2440; 2597-1 , Aza Harudai, Oaza Yasaka, 
Kitsuki-shi, Oita, Japan 873, 09786-3-3211 . 
KOREA: Texas Instruments Korea Ltd., 28th Floor, 
Trade Tower, 159-1, Samsung-Dong, Kangnam-ku 
Seoul, Korea, 2-551-2800. 
MALAYSIA: Texas Instruments, Malaysia, Sdn. 
Bhd., Asia Pacific, Lot 36.1 #Box 93, Menara 
Maybank, 100 Jalan Tun Perak, 50050 Kuala 
Lumpur, Malaysia, 3-230-6001 . 
MEXICO: Texas Instruments de Mexico S.A. de 
C.V., Alfonso Reyes 115, Col. Hipodromo Condesa, 
Mexico, D.F., 06170, 5-515-6081 . 
NORWAY: Texas Instruments Norge A/S, B.P. 106, 
Refstad (Sinsenveien 53), 0513 Oslo 5, Norway, 
(02)155 090. 

PEOPLE'S REPUBLIC OF CHINA: Texas 
Instruments China Inc., Beijing Representative 
Office, 7-05 CITIC Building, 1 9 Jianguomenwai 
Dajie, Beijing, China, 500-2255, Ext. 3750. 
PHILIPPINES: Texas Instruments Asia Ltd., 
Philippines Branch, 14th Floor, Ba-Lepanto Building, 
8747 Paseo de Roxas, 1226 Makati, Metro Manila, 
Philippines, 2-81 7-6031 . 
PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal) LDA., Ing. Frederico Ulricho, 
2650 Moreira Da Maia, 4470 Maia, Portugal 
(2)9481003. 

SINGAPORE (& INDIA, INDONESIA, THAILAND): 

Texas Instruments Singapore (PTE) Ltd., Asia 
Pacific, 101 Thomson Road, #23-01 , United 
Square, Singapore 1130, 350-8100. 
SPAIN: Texas Instruments Espana S.A., c/Gobelas 
43, Urbanizasion La Florida, 28023, Madrid, Spain, 
(91 ) 372 8051 ; c/Diputacion, 279-3-5, 08007 
Barcelona, Spain, (93) 317 91 80. 
SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen), Box 30, S-164 93 
Kista, Sweden, (08) 752 58 00. 
SWITZERLAND: Texas Instruments Switzerland 
AG, Riedstrasse 6, CH-8953 Dietikon, Switzerland, 

(01) 744 2811. 

TAIWAN: Texas Instruments Taiwan Limited, Taipei 
Branch, 10th Floor, Bank Tower, 205 Tung Hua N. 
Road, Taipei, Taiwan, 10592, Republic of China, 

(02) 713 9311. 

UNITED KINGDOM: Texas Instruments Ltd., 
Manton Lane, Bedford, England, MK41 7PA, 
(0234)270111. 
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